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SECTION

EXECUTIVE SUMMARY

THE PURPOSE OF THISTHI INVESTIGATION WAS TO DETERMINE WHAT

INVESTIGATIONSINVESTIGATION AND COSTSCOST WOULD BE REQUIRED TO DETERMINE

CONTAMINANT CONTRIBUTION TO THE DUWAMISH RIVER FROM GROUND WATER

INFLOW BETWEEN THE BLACK RIVER AND ELLIOTT BAY OUR APPROACH TO

THE PROJECT INCLUDED COLLECTION REVIEW EVALUATION OF THE

EXISTING DATA AND DEVELOPMENT OF MONITORING STRATEGY

DATA SEARCH

REVIEW OF PUBLISHED AND UNPUBLISHED REPORTSREPORT ON GEOLOGY GROUND

WATER SURFACE WATER LAND USE AND DOCUMENTED CONTAMINANT

SOURCESSOURCE WAS PERFORMED IN ADDITION 31 PEOPLE WERE CONTACTED IN

17 GOVERNMENT AGENCIESAGENCIE TO SECURE ADDITIONAL INFORMATION ON THE

STUDY AREA TWENTYNINE COMPANIESCOMPANIE WITH OPERATIONSOPERATION IN THE

DUWAMISH RIVER VALLEY WERE ALSO CONTACTED

STUDY OF WASTE DISPOSAL PRACTICESPRACTICE AND THE DREDGEFILL HISTORY

IN THE DUWAMISH VALLEY WAS CONDUCTED BY HARPEROWES FIFTYFIVE

POTENTIAL SOURCESSOURCE OF POLLUTION WERE IDENTIFIED IN THE BASIN

WIDE RANGE OF INORGANIC AND ORGANIC CONSTITUENTSCONSTITUENT WERE IDENTIFIED

WHICH ARE POTENTIAL GROUND WATER CONTAMINANTS

WE ALSO PERFORMED AN EVALUATION OF SIX EXISTING GROUND WATER

CONTAMINATION STUDIESSTUDIE CONDUCTED IN THE DUWAMISH RIVER VALLEY

THE MOST USEFUL SUBSURFACE INFORMATION AVAILABLE WERE BORING LOGSLOG

FROM THE WEST SEATTLE BRIDGE CONSTRUCTION METRO RENTON EFFLUENT

TRANSFER SYSTEM PROJECT AND BORING LOGSLOG ON FILE WITH THE CITY OF

SEATTLE DEPARTMENT OF ENGINEERING

IN GENERAL THE QUANTITY AND QUALITY OF AVAILABLE INDUSTRIAL

WASTE CHARACTERIZATION INFORMATION ARE ADEQUATE TO DETERMINE THE

RANGE OF POTENTIAL GROUND WATER CONTAMINANTS HOWEVER THERE IS

LITTLE OR NO GROUND WATER HYDROLOGY OR WATER QUALITY DATA WHICH

IS REQUIRED TO DETERMINE TOXICANT INFLOW TO THE RIVER

HYDROGEOLOGY

URBAN DEVELOPMENT INDUSTRIALIZATION COMPLEX STORM SEWER

SYSTEM AND RIVER TIDAL EFFECTSEFFECT RESULT IN COMPLEX SHALLOW

GROUND WATER FLOW SYSTEM IN THE DUWAMISH VALLEY THE SUBSURFACE

GEOLOGY OF THE DUWAMISH VALLEY INCLUDESINCLUDE SURFICIAL FILL
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PREDOMINANTLY SAND SILTY SAND AND SILT DREDGE SPOILSSPOIL
THROUGHOUT MOST OF THE NORTHERN TWOTHIRDSTWOTHIRD OF THE VALLEY FLOOR
540 FEET DEEP FINE GRAINED RIVER AND LAKE SEDIMENTSSEDIMENT UNDERLIE

THE FILL AND ARE IN TURN UNDERLAIN BY GLACIAL TILL SAND AND

GRAVEL GLACIAL DEPOSITSDEPOSIT ALSO FORM THE VALLEY WALLSWALL AND UPLANDS
IN THE SOUTHERN AND EASTERN PART OF THE VALLEY THE UPLANDSUPLAND ARE

DOMINATED BY SEDIMENTARY BEDROCK SILTSTONE AND SANDSTONE AND

IGNEOUSIGNEOU INTRUSIVESINTRUSIVE ANDESITE

NO REGIONAL GROUND WATER STUDIESSTUDIE OF THE DUWAMISH BASIN HAVE BEEN

DONE GROUND WATER RECHARGE IS PRIMARILY VIA INFILTRATION OF

PRECIPITATION AND SUBSURFACE INFLOW FROM GLACIAL UPLAND AQUIFERS
SUBSURFACE FLOW ALSO ENTERSENTER THE BASIN VIA BEDROCK FRACTURESFRACTURE AND

THE ALLUVIUM AT THE SOUTHERN BOUNDARY OF THE STUDY AREA

TWO MAJOR COMPONENTSCOMPONENT TO GROUND WATER FLOW ARE SUSPECTED SHALLOW

FLOW IN THE FILL AND NEAR SURFACE SEDIMENTSSEDIMENT AND DEEPER
COMPONENT IN THE UNDERLYING ALLUVIAL AND GLACIAL DEPOSITS
DEEPER FLOW IS GENERALLY SUBPARALLEL TO THE VALLEY AXISAXI AND THE

RIVER DISCHARGING INTO ELLIOTT BAY

SHALLOW GROUND WATER FLOW IS PRIMARILY TO THE RIVER ALTERED OVER

SHORT DISTANCESDISTANCE BY ZONESZONE OF PREFERENTIAL FLOW FILLED RIVER
MEANDERS BOTH THE DIRECTION AND RATE OF GROUND WATER FLOW IS

SIGNIFICANTLY INFLUENCED BY RIVER LEVELSLEVEL AND TIDAL FLUCTUATIONS

GROUND WATER QUALITY AND THE CONCENTRATION OF CONTAMINANTSCONTAMINANT ARE

INFLUENCED BY THE ATTENUATION PROPERTIESPROPERTIE OF THE FINE GRAINED
SEDIMENTSSEDIMENT IN THE VALLEY FLOOR CHANGESCHANGE IN GROUND WATER CHEMISTRY

AT THE FRESHSALT WATER INTERFACE NEAR THE RIVER MAY
AFFECT SOLUTE MASSMAS TRANSPORT OF GROUND WATER CONTAMINANTSCONTAMINANT TO THE

RIVER

GROUND WATER MONITORING STRATEGY

THE AVAILABLE DATA INDICATE HIGH POTENTIAL FOR GROUND WATER

POLLUTION PARTICULARLY FOR MOBILE INORGANICSINORGANIC SUCH AS ARSENIC AND

FOR CHLORINATED HYDROCARBONS THREE MONITORING PROGRAM
ALTERNATIVESALTERNATIVE WERE DEVELOPED

ALTERNATIVE GRID

ALTERNATIVE IS THE MOST COMPREHENSIVE PROGRAM AND CONSISTSCONSIST OF

151 GROUND WATER MONITORING WELLSWELL ON 1500 FOOT GRID SPACINGSSPACING 16

UPLAND WELLSWELL AND THREE RIVER LEVEL MONITORS THE COST FOR
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INSTALLATION AND THE FIRST TWO YEARSYEAR OF SAMPLING AND TESTING

WOULD BE APPROXIMATELY 2200000

THE MAJOR DISADVANTAGE OTHER THAN THE HIGH COST WOULD BE THE

LOCATION OF MANY OF THE MONITORING WELLSWELL ON PRIVATE PROPERTY

WHERE ACCESSACCES MAY BE DIFFICULT OR IMPOSSIBLE TO OBTAIN THE MAIN

ADVANTAGE OF ALTERNATIVE WOULD BE SUFFICIENT DATA TO DETERMINE

TOTAL CONTAMINANT LOADING TO THE RIVER AND THE PRIMARY

CONTAMINANT SOURCE AREAS

ALTERNATIVE POINT SOURCE

THISTHI ALTERNATIVE WOULD FOCUSFOCU ON THE MONITORING OF IDENTIFIED

POTENTIAL CONTAMINANT SOURCESSOURCE IDENTIFIED IN THE BASIN TOTAL

OF 112 MONITORING WELLSWELL WOULD BE REQUIRED AND THREE RIVER LEVEL

RECORDERS THE COST FOR INSTALLATION AND THE FIRST TWO YEARSYEAR OF

SAMPLING WOULD BE ABOUT 1700000

THE MAJOR DISADVANTAGE OF THISTHI ALTERNATIVE IS THE REDUCED ABILITY

TO ACCOUNT FOR NONPOINT AND UNIDENTIFIED CONTAMINANT SOURCES IN

ADDITION THISTHI APPROACH PROVIDESPROVIDE FOR LITTLE FLEXIBILITY IN

MONITORING WELL LOCATIONSLOCATION AND WITHOUT FULL IMPLEMENTATION WOULD

NOT PROVIDE SUFFICIENT DATA TO DETERMINE TOTAL TOXICANT

CONTRIBUTION TO THE RIVER

THE MAJOR ADVANTAGE OF THISTHI PROGRAM WOULD BE THE IDENTIFICATION

OF EXISTING CONTAMINANT SOURCES

ALTERNATIVE CROSSCROS CHANNEL

THE CROSSCROS CHANNEL ALTERNATIVE FOCUSESFOCUSE ON DETERMINING THE

HYDROLOGY OF THE SHALLOW GROUND WATER AND ESTUARINE FLOW SYSTEM

AND GENERAL CHARACTERIZATION OF THE BASINSBASIN GROUND WATER

QUALITY THISTHI ALTERNATIVE INCLUDESINCLUDE 61 MONITORING WELLSWELL AND SIX

RIVER LEVEL MONITORS THE COST FOR INSTALLATION AND THE FIRST

TWO YEARSYEAR OF MONITORING WOULD BE ABOUT 935000

THE MAJOR DISADVANTAGE OF THISTHI APPROACH WOULD BE THE SYSTEMSSYSTEM
INABILITY TO DETECT SPECIFIC SOURCESSOURCE OF CONTAMINATION THE MAJOR

ADVANTAGESADVANTAGE OF THE CROSSCROS CHANNEL ALTERNATIVE ARE COMPARATIVELY LOW

COST SUFFICIENT DATA TO ESTIMATE EXISTING CONTAMINANT

CONTRIBUTION TO THE RIVER VIA GROUND WATER AND THE DEVELOPMENT

OF DATA BASE SUITABLE FOR DESIGN OF MORE COMPREHENSIVE

MONITORING PROGRAMSPROGRAM IF NECESSARY IN SPECIFIC BASIN SUBAREAS
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RECOMMENDATIONSRECOMMENDATION

WE RECOMMEND ALTERNATIVE CROSSCROS CHANNEL MONITORING AS THE
PREF ERRED ALTERNATIVE BECAUSE OF ITS LOWER COST AND FLEXIBILITY
ALTERNATIVE COULD BE IMPLEMENTED IN TWO OR MORE PHASES THE

FIRT PHASE WOULD PROVIDE SUFFICIENT INFORMATION TO FOCUSFOCU AND

POSSIBLY REDUCE SUBSEQUENT PHASE COSTS TOTAL COST OF PHASE
WOULD BE ABOUT 46100000 FOR THE FIRST TWO YEARS

WE ALSO RECOMMEND THAT STUDY OF CONTAMINANT SOLUTE MASSMAS
TRANSPORT ACROSSACROS THE SUBSURFACE FRESHSALT WATER INTERFACE BE

PERFORMED THE APPLICABILITY OF THISTHI PORTION OF THE STUDY TO
INDUSTRIALIZED ESTUARINE SYSTEMSSYSTEM NATIONWIDE MAKESMAKE THISTHI TYPE OF

APPLIED RESEARCH POTENTIALLY GRANT ELIGIBLE
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SECTION II

INTRODUCTION

THISTHI SECTION DESCRIBESDESCRIBE THE PROJECT GOALSGOAL SCOPE OF WORK SOURCESSOURCE
OF INFORMATION AND STUDY ORGANIZATION ON WHICH WE BASED OUR

INVESTIGATION

THE PURPOSE OF THISTHI STUDY WAS TO DETERMINE WHAT INVESTIGATIONSINVESTIGATION
AND COSTSCOST WOULD BE REQUIRED TO DETERMINE CONTAMINANT CONTRIBUTION

TO THE DUWAMISH RIVER FROM GROUND WATER BETWEEN THE BLACK RIVER

AND ELLIOTT BAY SEE FIGURE LII STUDY AREA LOCATION MAP

PROJECT GOALSGOAL

1 PROVIDE GENERAL CHARACTERIZATION OF THE SURFACE WATER AND

GROUND WATER REGIME ALONG THE DUWAMISH RIVER BETWEEN BLACK

RIVER AND THE MOUTH OF THE EAST AND WEST WATERWAYS

2 IDENTIFY OR DEFINE PRELIMINARY HYDROGEOLOGIC PARAMETERSPARAMETER
RELEVANT TO THE DETERMINATION OF CONTAMINANT LOADING TO THE

RIVER IE AQUIFERESTUARINE HYDROLOGY AQUIFER
PERMEABILITY WATER QUALITY ETC

3 IDENTIFY GRAPHICALLY MAPSMAP CROSSCROS SECTIONSSECTION SCHEMATICSSCHEMATIC
ETC THE LOCATION AND TYPE OF AVAILABLE DATA AND

INFORMATION

4 IDENTIFY DATA AND INFORMATION GAPSGAP AS WELL AS APPARENT
DEVIATIONSDEVIATION FROM THE GENERAL RIVER CHARACTERIZATION

5 DEVELOP GROUND WATER QUALITY MONITORING AND ANALYSISANALYSI
STRATEGY

SCOPE OF WORK AND AUTHORIZATION

IN LINE WITH THE ABOVE OBJECTIVESOBJECTIVE THE FOLLOWING SCOPE OF WORK

WAS AUTHORIZED IN OUR CONTRACT OF NOVEMBER 1984 WITH THE

MUNICIPALITY OF METROPOLITAN SEATTLE

TASK DATA REVIEW

THISTHI TASK INCLUDED FIVE SUBTASKSSUBTASK
LA LITERATURE SEARCH

LB GENERAL DATA REVIEW

LC WASTE DISPOSAL PRACTICESPRACTICE REVIEW
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ID REVIEW RIVER DREDGE AND FILL HISTORY
LE REVIEW EXISTING GROUND WATER CONTAMINATION STUDIESSTUDIE

TASK DEVELOP PRELIMINARY CONCEPTUAL GROUND WATER MODEL
TASK DEVELOP GROUND WATER MONITORING AND ANALYSISANALYSI STRATEGY

TASK PROJECT MANAGEMENT
TASK REPORT PREPARATION

MORE EFFORT WAS REQUIRED THAN ANTICIPATED FOR THE DATA COLLECTION

TASKS BECAUSE OF THISTHI AND THE LACK OF EXISTING BASIN HYDROLOGY
DATA LESSLES EFFORT WAS EXPENDED ON THE DEVELOPMENT OF CONCEPTUAL

GROUND WATER MODEL

SOURCESSOURCE OF INFORMATION AND ACKNOWLEDGEMENTSACKNOWLEDGEMENT

SOURCESSOURCE OF INFORMATION INCLUDED PUBLISHED AND UNPUBLISHED REPORTSREPORT
ON GEOLOGY GROUND WATER SURFACE WATER WATER QUALITY
DOCUMENTED CONTAMINANT SOURCESSOURCE AND LAND USE AS WELL AS

INTERVIEWSINTERVIEW WITH INDIVIDUALSINDIVIDUAL FROM GOVERNMENT AGENCIESAGENCIE AND PRIVATE
INDUSTRIES THE INDIVIDUALSINDIVIDUAL WHO HAVE CONTRIBUTED INFORMATION ARE
TOO NUMEROUSNUMEROU TO LIST HERE AND ARE NAMED LATER IN THISTHI REPORT
HOWEVER WE WOULD LIKE TO EXTEND SPECIAL THANKSTHANK TO

REPRESENTATIVESREPRESENTATIVE OF METRO THE ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON DEPARTMENT OF ECOLOGY DEPARTMENT OF SOCIAL AND HEALTH

SERVICESSERVICE CORPSCORP OF ENGINEERSENGINEER PORT OF SEATTLE SEATTLE
ENGINEERING DEPARTMENT AND THE DUWAMISH INDUSTRIAL COUNCIL

STUDY ORGANIZATION AND APPROACH

FOLLOWING IS BRIEF OVERVIEW OF THE APPROACH AND PROCEDURESPROCEDURE
UNDERTAKEN TO COMPLETE THE SCOPE OF WORK

TASK DATA REVIEW

APPENDIX PRESENTSPRESENT COMPREHENSIVE BIBLIOGRAPHY OF THE AVAILABLE

PUBLISHED AND UNPUBLISHED REPORTSREPORT REVIEWED FOR THISTHI STUDY MOST

SUBSURFACE INFORMATION IS AVAILABLE FROM BORINGSBORING DRILLED FOR

FOUNDATION STUDIES THE STUDIESSTUDIE CONDUCTED FOR THE WEST SEATTLE

BRIDGE AND RENTON EFFLUENT TRANSFER SYSTEMSSYSTEM DUWAMISH ALIGNMENT

PROVIDE CONSIDERABLE AMOUNTSAMOUNT OF DATA USEFUL TO THE PROJECT IN THE

AREASAREA WHERE THEY WERE CONDUCTED MOST OF THE BASIN SUBSURFACE

GEOLOGY WAS INTERPRETED FROM BORINGSBORING ON FILE WITH THE SEATTLE

DEPARTMENT OF ENGINEERING VERY LITTLE RELEVANT GROUND WATER
DATA WAS UNCOVERED DURING THE DATA COLLECTION PROCESS
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LIST OF PRIVATE COMPANIESCOMPANIE AND ORGANIZATIONSORGANIZATION CONTACTED IS

PRESENTED IN APPENDIX C

STUDY OF WASTE DISPOSAL PRACTICESPRACTICE AND DREDGE AND FILL HISTORY
WAS PERFORMED BY HARPEROWESHARPEROWE AS PART OF THISTHI INVESTIGATION AND IS

PRESENTED IN APPENDIX D THISTHI STUDY IDENTIFIESIDENTIFIE POTENTIAL SOURCESSOURCE
OF CONTAMINATION TO THE DUWAMISH BASINSBASIN GROUND WATER

TASK DEVELOP CONCEPTUAL GROUND WATER MODEL

CONCEPTUAL GROUND WATER MODEL IS THE GEOLOGISTSGEOLOGIST INTERPRETATION
OF THE PHYSICAL AND DYNAMIC NATURE OF GROUND WATER SYSTEM IN

ESSENCE THE MODEL REPRESENTSREPRESENT THE GEOHYDROLOGIC REGIME IMPACTED

BY CONTAMINATION

DUE TO THE LACK OF GROUND WATER FLOW AND QUALITY DATA THE MODEL

DEVELOPED FOR THISTHI STUDY IS LIMITED TO DELINEATION OF SURFACE AND

SUBSURFACE SEDIMENTSSEDIMENT AND BROAD ASSUMPTIONSASSUMPTION ON THE GROUND WATER
FLOW WITHIN THE BASIN

THE DISTRIBUTION OF SEDIMENTSSEDIMENT WITHIN THE BASIN WAS DETERMINED

USING SEVERAL HUNDRED BORING LOGSLOG DRILLED PRIMARILY FOR

FOUNDATION INVESTIGATIONSINVESTIGATION IN THE BASIN THESE BORINGSBORING WERE
DRILLED AND LOGGED BY WIDE VARIETY OF GEOTECHNICAL AND

ENGINEERING FIRMSFIRM INCLUDING

CONVERSE CONSULTANTSCONSULTANT NORTH AMERICAN INSPECTION TESTING

METROPOLITAN ENGINEERSENGINEER GEORESOURCESGEORESOURCE CONSULTANTSCONSULTANT INC
WALTER LUMM ASSOC INC NEIL H TWELKEV ASSOC
SHANNON AND WILSON INC RITTENHOUSEZEMAN ASSOC
HART CROWSER AND ASSOC SEATTLE CITY DEPT OF ENGINEERING
CH2N HILL WASHINGTON DEPT OF HIGHWAYSHIGHWAY
HARDING LAWSON ASSOC US ARMY CORPSCORP OF ENGINEERSENGINEER
DAMESDAME AND MOORE SWEET EDWARDSEDWARD ASSOC INC

BECAUSE SUBSURFACE MATERIALSMATERIAL CLASSIFICATION AND INTERPRETATION
VARIESVARIE SUBSTANTIALLY DEPENDING ON THE INVESTIGATOR AND THE

OBJECTIVESOBJECTIVE OF SPECIFIC PROJECT IT WAS CONSIDERED NEITHER

PRACTICAL NOR DESIRABLE TO ATTEMPT CORRELATION OF SPECIFIC
LITHOLOGICALLY DESCRIBED UNITSUNIT NOTED IN THE BORING LOGS
THEREFORE THE SUBSURFACE UNITSUNIT WERE DEFINED BASED ON AQUIFER
PROPERTIESPROPERTIE SUCH AS PERMEABILITY AND ON CONTAMINANT ATTENUATION

CAPACITY OF THE SEDIMENTS
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THE MAJOR SUBSURFACE UNIT CLASSIFICATION INCLUDESINCLUDE

MATERIAL TYPE RELATIVE ATTENUATION CAPACITY

1 GRAVEL

SAND GRAVEL VERY LOW

2 SAND LOW

3 SILTY SAND

SANDY SILT MODERATE

SILT SAND

4 SILT CLAY HIGH

5 ORGANIC MATERIALSMATERIALIE PEAT VERY HIGH

6 GLACIAL TILL MODERATE TO HIGH

CROSSCROS SECTIONSSECTION PRESENTED IN SECTION IV ILLUSTRATE THE GENERAL
DISTRIBUTION OF THESE MATERIALSMATERIAL IN THE BASINSBASIN SUBSURFACE

THE AVAILABLE DATA INDICATE THAT GROUND WATER FLOW PATTERNSPATTERN ALONG

THE DUWAMISH ARE VERY COMPLEX THISTHI COMPLEXITY IS DUE TO THE

DISTRIBUTION OF FILL AND ALLUVIAL SEDIMENTSSEDIMENT AND THE INFLUENCE OF

STORM DRAINSDRAIN AND TIDES THE RIVER TIDESTIDE HAVE DIRECT AND NEAR

IMMEDIATE EFFECT ON THE RISE AND FALL OF GROUND WATER LEVELSLEVEL AS

FAR AS 13 MILESMILE UP RIVER FROM HARBOR ISLAND IN SPECIFIC AREASAREA
SUCH AS AT THE BOEINGISAACSON PROPERTY NEAR THE CENTER OF THE

STUDY AREA TIDAL FLUCTUATIONSFLUCTUATION OF SEVERAL FEET CAUSE DIURNAL

REVERSAL OF GROUND WATER FLOW DIRECTION IN THE SHALLOW AQUIFER
WITHIN 500 FEET OF THE RIVER2

GROUND WATER FLOW ELEMENTSELEMENT CONSIDERED WITHIN THE CONCEPTUAL MODEL

INCLUDE GENERAL ASSUMPTIONSASSUMPTION ON SHALLOW AND DEEP GROUND WATER FLOW

DIRECTION AND AREASAREA OF PREFERENTIAL FLOW IE ABANDONED RIVER

CHANNELS THE INFORMATION DERIVED FROM THE CONCEPTUAL MODEL

RELEVANT TO DESIGN OF GROUND WATER MONITORING STRATEGY IS

PRESENTED IN SECTIONSSECTION III AND IV

TASK DEVELOP GROUND WATER MONITORING AND ANALYSISANALYSI STRATEGY

CONSIDERING THE LIMITED DATA AVAILABLE MAJOR DATA COLLECTION

EFFORT WILL BE REQUIRED TO DESIGN AND IMPLEMENT AN EFFECTIVE
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GROUND WATER MONITORING PROGRAM OUR APPROACH TO DETERMINING
WHAT DATA IS REQUIRED LACKING AND AVAILABLE WAS TO EMPLOY THE

MONITORING METHODOLOGY OUTLINED BY THE ENVIRONMENTAL PROTECTION

AGENCYSAGENCY EPA ENVIRONMENTAL MONITORING AND SUPPORT LABORATORY3
AS CHECKLIST

THE EPA METHODOLOGY IS PARTICULARLY SUITED FOR THE DUWAMISH BASIN

IN THAT IT IS PRIMARILY DIRECTED TOWARD SOURCE MONITORING WHICH
FOCUSESFOCUSE ON MEASUREMENTSMEASUREMENT RELATING TO POLLUTION AND METHODSMETHOD OF

WASTE DISPOSAL CONTRIBUTING TO POLLUTION THE EPASEPA MONITORING

METHODOLOGY INCLUDESINCLUDE THESE 15 STEPS

1 SELECT AREA OR BASIN FOR MONITORING

2 IDENTIFY POTENTIAL POLLUTION SOURCESSOURCE CAUSESCAUSE AND METHODSMETHOD OF

WASTE DISPOSAL
3 IDENTIFY POTENTIAL POLLUTANTSPOLLUTANT
4 DEFINE GROUND WATER USAGE
5 DEFINE HYDROGEOLOGIC SITUATION

6 STUDY EXISTING GROUND WATER QUALITY
7 EVALUATE INFILTRATION POTENTIAL FOR WASTESWASTE AT THE LAND SURFACE

8 EVALUATE MOBILITY OF POLLUTANTSPOLLUTANT FROM THE LAND SURFACESSURFACE TO THE

WATER SURFACE

9 EVALUATE ATTENUATION OF POLLUTANTSPOLLUTANT IN THE SATURATED ZONE

10 PRIORITIZE SOURCESSOURCE AND CAUSESCAUSE
11 EVALUATE EXISTING MONITORING METHODSMETHOD
12 ESTABLISH ALTERNATIVE MONITORING APPROACHESAPPROACHE
13 SELECT AND IMPLEMENT THE MONITORING PROGRAM
14 REVIEW AND INTERPRET MONITORING RESULTSRESULT
15 SUMMARIZE AND TRANSMIT MONITORING INFORMATION

IT IS IMPORTANT TO POINT OUT HOWEVER THAT THE GOAL OF THE EPA

METHODOLOGY IS TO DEVELOP MONITORING PROGRAM THAT DETECTSDETECT
CHANGESCHANGE IN THE ENVIRONMENT WHILE THE SPECIFIC GOAL OF THISTHI
STUDY IS TO DEVELOP PROGRAM WHICH WILL DETERMINE CONTAMINANT

CONTRIBUTION TO THE DUWAMISH RIVER DUE TO GROUND WATER INFLOW
THEREFORE THE ABOVE 15 STEPSSTEP WERE GIVEN VARYING EMPHASISEMPHASI IN THE

PRESENT STUDY THE MONITORING STRATEGY IS PRESENTED IN DETAIL IN

SECTION V
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SECTION III

STUDY AREA CHARACTERISTICSCHARACTERISTIC

THISTHI SECTION AND SECTION IV VALLEY FLOOR CHARACTERISTICSCHARACTERISTIC
SUMMARIZE OUR UNDERSTANDING OF THE PROJECT AREA AND SERVESSERVE AS

BASISBASI FOR DEVELOPING GROUND WATER MONITORING STRATEGY

SURFICIAL FEATURESFEATURE AND DEVELOPMENT

THE DUWMISH VALLEY COVERSCOVER APPROXIMATELY TWENTYNINE SQUARE MILESMILE
AND IS LOCATED IN WESTERN KING COUNTY THE STUDY AREA EXTENDSEXTEND
FROM ELLIOTT BAY ON THE NORTH TO THE BLACK RIVER ON THE SOUTH

SEE FIGURE ILLI STUDY AREA MAP THE EAST BOUNDARY OF THE

STUDY AREA IS THE TOPOGRAPHIC DIVIDE SEPARATING THE DUWAMISH
VALLEY FROM THE LAKE WASHINGTON DRAINAGE BASIN THE WESTERN

BOUNDARY IS THE TOPOGRAPHIC DIVIDE SEPARATING THE VALLEY FROM
WEST SEATTLE DRAINAGE TO PUGET SOUND

PHYSIOGRAPHY

PHYSIOGRAPHY INFLUENCESINFLUENCE THE DIRECTION OF SHALLOW GROUND WATER
MOVEMENT DUE TO THE LACK OF HYDROLOGY DATA MOST OF THE

ASSUMPTIONSASSUMPTION ABOUT GROUND WATER FLOW ARE BASED ON PHYSIOGRAPHY AND

TOPOGRAPHY THE VALLEY WAS ORIGINALLY EXCAVATED BY ICE SCOUR

DURING THE LAST GLACIATION ABOUT 15000 YEARSYEAR AGO IT WAS

SUBSEQUENTLY FLOODED BY MARINE WATERSWATER AFTER RETREAT OF THE ICE

SHEET AND THE COMBINED PROCESSESPROCESSE OF ISOSTATIC REBOUND AND

FLUVIAL AGGRADATION TO BASE LEVEL LEFT THE VALLEY AS WE SEE IT

TODAY THE UPLAND PORTION OF THE VALLEY IS FORMED BY THE SLOPESSLOPE
OF GLACIAL DRIFT PLAIN THE WESTERN UPLAND RISESRISE TO ELEVATIONSELEVATION

OF 400 TO 500 FEET WHILE THE EASTERN UPLAND RISESRISE TO ABOUT 300

FEET ELEVATION

THE VALLEY FLOOR OCCUPIESOCCUPIE ABOUT 40 PERCENT 12 SQUARE MILESMILE OF

THE STUDY AREA AND ELEVATIONSELEVATION ARE GENERALLY LESSLES THAN 20 FEET

ABOVE SEA LEVEL

SURFACE DRAINAGE

THE DUWAMISH ESTUARY IS THE DOMINANT SURFACE WATER FEATURE IN THE

BASIN AND BEGINSBEGIN APPROXIMATELY AT THE CONFLUENCE OF THE BLACK AND

GREEN RIVERS THE DUWAMISH WINDSWIND ITS WAY NORTH ABOUT 12 MILESMILE TO

ELLIOTT BAY THE LOWER PORTIONSPORTION OF THE ESTUARY HAVE BEEN

SUBSTANTIALLY ALTERED OVER TIME BY DREDGE AND FILL ACTIVITIESACTIVITIE

10
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SEE HARPEROWESHARPEROWE DETAILED ACCOUNT OF DREDGEFILL ACTIVITIESACTIVITIE IN

APPENDIX D FLOW IN THE DUWAMISH IS CONTROLLED BY RELEASE AT
HOWARD HANSON DAM AND DIVERSIONSDIVERSION FROM THE GREEN RIVER RIVER

K DISCHARGE INTO THE VALLEY IS LESSLES THAN 12100 CUBIC FEET PER
TP SEOND APPROIMITELYTWTHIRAPPROIMITELYTWTHIR OF WHICH EXITSEXIT TO ELLIOT BAY VIA

THE WEST WATER WAY THE OTHER THIRD VIA THE EAST WATER WAY45

THE DUWAMISH AS WITH MANY ESTUARINE ENVIRONMENTSENVIRONMENT IS

CHARACTERIZED BY STRATIFIED TWOLAYER FLOW WITH SALT WATER
WEDGE MOVING INLAND BENEATH FRESH WATER FLOWING TOWARD ELLIOTT

BAY THISTHI SALT WATER WEDGE HAS BEEN OBSERVED TEN MILESMILE UPRIVER
DURING HIGH TIDESTIDE AND LOW RIVER FLOWS TIDAL FLUCTUATIONSFLUCTUATION OF

RIVER STAGE HAVE BEEN OBSERVED WELL PAST THE SOUTHERN BOUNDARY OF

THE STUDY AREA

SURFACE DRAINAGE OF PRECIPITATION IN THE STUDY AREA IS ALMOST
COMPLETELY CONTROLLED BY MANMADE DRAINAGE IMPROVEMENTSIMPROVEMENT DIVERTING
RUNOFF TO STORM DRAINAGE SYSTEMSSYSTEM OR SEWERS6

CLIMATE

THE TEMPERATE MARINE CLIMATE OF THE DUWAMISH VALLEY IS

CHARACTERIZED BY RELATIVELY MILD WET WINTERSWINTER AND COOL DRY

SUMMERSSUMMER WEATHER DATA COLLECTED JUST OUTSIDE THE STUDY AREA AT

SEATTLETACOMA AIRPORT INDICATESINDICATE MEAN ANNUAL PRECIPITATION IS

3859 INCHES AS FIGURE 1112 PRECIPITATION FOR SEATAC
AIRPORT ILLUSTRATESILLUSTRATE DECEMBER IS USUALLY THE WETTEST MONTH AND

JULY THE DRIEST APPROXIMATELY 67 PERCENT OF THE ANNUAL RAINFALL

OCCURSOCCUR IN THE FIVE MONTH PERIOD FROM NOVEMBER THROUGH MARCH
FIGURE 1112 ALSO SHOWSSHOW THE ANNUAL PRECIPITATION AND THE

CUMULATIVE DEPARTURE FROM THE YEARLY MEAN FOR THE PERIOD 1945
1984 RISING LINE ON THE CUMULATIVE DEPARTURE CURVE INDICATESINDICATE

PERIOD OF ABOVE AVERAGE PRECIPITATION AND FALLING LINE

INDICATESINDICATE BELOW AVERAGE PRECIPITATION BOTH GRAPHSGRAPH INDICATE
THAT TOTAL ANNUAL RAINFALL HAS BEEN LESSLES THAN AVERAGE DURING MOST
OF THE PERIOD 19751984

THE ANNUAL MEAN TEMPERATURE AT SEATTLETACOMA AIRPORT IS 5110 F
THE HIGHEST MEAN TEMPERATURE ABOUT 650 OCCURSOCCUR IN AUGUST AND
THE LOWEST MEAN ABOUT 350 OCCURSOCCUR IN JANUARY

DEVELOPMENT AND LAND USE

LAND USE IS AN IMPORTANT CONSIDERATION IN THE DESIGN OF GROUND
WATER MONITORING PROGRAM LAND USE TYPE AFFECTSAFFECT THE AMOUNT OF

11
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PRECIPITATION AND CONTAMINANTSCONTAMINANT INFILTRATING INTO THE GROUND WATER

SYSTEM FOR THE PURPOSESPURPOSE OF THISTHI STUDY LAND USE AND HOW IT

RELATESRELATE TO INFILTRATION HAS BEEN EVALUATED QUALITATIVELY AREASAREA
ARE CLASSIFIED AS PREDOMINANTLY INDUSTRIAL RESIDENTIAL AND AS

OPEN SPACE FARMSFARM GOLF COURSESCOURSE UNDEVELOPED ETC FROM CITY AND

COUNTY LAND USE MAPSMAP AND AREAL PHOTOGRAPHY INDUSTRIAL AREASAREA ARE

GENERALLY COVERED BY BUILDINGSBUILDING ROADSROAD PARKING LOTSLOT AND OTHER

IMPERVIOUSIMPERVIOU SURFACESSURFACE WHICH MINIMIZE INFILTRATION OF PRECIPITATION
THESE SAME AREASAREA CONTAIN MULTIPLE LAND DISPOSAL SITESSITE WITH

POTENTIAL FOR GROUND WATER CONTAMINATION RESIDENTIAL AREASAREA HAVE

LOWER PERCENTAGE OF AREA WITH IMPERVIOUSIMPERVIOU SURFACESSURFACE AND FEWER

POTENTIAL CONTAMINANT SOURCES AN EXCEPTION IS ALLENTOWN WHICH

IS ON SEPTIC TANKSAND DRAINFIELDSDRAINFIELD WITH HIGH POTENTIAL FOR

NITRATE CONTAMINATION OPEN SPACE AREASAREA HAVE HIGH INFILTRATION

POTENTIAL AND LOW TO MODERATE POLLUTION POTENTIAL

BEGINNING IN THE LATE 1800S1800 EXTENSIVE TOPOGRAPHIC MODIFICATIONSMODIFICATION
WERE MADE PARTICULARLY IN THE NORTHERN HALF OF THE BASIN THE

RIVER WAS STRAIGHTENED AND THE WETLAND PART OF THE ESTUARY ALMOST

COMPLETELY FILLED ABOUT THE TIME HARBOR ISLAND WAS CREATED
PRIMARY FILLING WAS COMPLETED BY ABOUT 1918 SEE APPENDIX FOR

DETAILS FILL WAS ACQUIRED FROM VARIETY OF SOURCESSOURCE BUT

PRIMARILY DREDGE SPOILSSPOIL WERE USED SOME INDUSTRIAL AND DOMESTIC

WASTESWASTE WERE DUMPED IN THE FILL AREAS AT LEAST THREE DESIGNATED
REFUSE DUMPSDUMP ALSO EXISTED CURRENT AND PAST INDUSTRY INCLUDESINCLUDE
MANUFACTURING WAREHOUSING METALSMETAL SMELTING AND FABRICATION
CEMENT PRODUCTION BULK FUEL STORAGE METAL FINISHING WOOD

TREATING CHEMICAL MANUFACTURE CHEMICAL RECYCLING SHIPBUILDING
DOCKSDOCK RAILROAD AND AIRCRAFT CONSTRUCTION WITH ATTENDANT

TRANSPORTATION AND UTILITIESUTILITIE SERVICES

LAND USE IN THE UPLAND AREASAREA IS PRIMARILY RESIDENTIAL WITH

ATTENDANT SERVICE FACILITIESFACILITIE RETAIL GAS STATIONSSTATION ETC THE

NORTHERN TWOTHIRDSTWOTHIRD OF THE VALLEY FLOOR IS ALMOST EXCLUSIVELY

INDUSTRY EXCEPTIONSEXCEPTION ARE EELLBGG ISLAND WILDLIFE PRESERVE
AND SMALL RESIDENTIAL AREA EOUTH PARK ON THE WEST SIDE OF THE

RIVER THE SOUTHERN THIRD OF THE VALLEY FLOOR IS LESSLES DEVELOPED

AND INCLUDESINCLUDE FEW FARMSFARM GOLF COURSE AND ALLENTOWN FIGURE
1113 POTENTIAL SOURCESSOURCE OF POLLUTION SHOWSSHOW THE LOCATION OF

MAJOR INDUSTRIESINDUSTRIE WHICH PRODUCE OR HANDLE TOXIC SUBSTANCESSUBSTANCE ON

SITESSITE IE LANDFILLSLANDFILL WHICH ARE POTENTIAL SOURCE OF

POLLUTION THESE SITESSITE ARE LISTED IN TABLE ILLI THE USE OF

SPECIFIC INDUSTRY NAMESNAME AND SITESSITE IS FOR THE PURPOSE OF LOCATION

REFERENCE AND SITING OF FUTURE MONITORING WELLS NUMEROUSNUMEROU OTHER
UNNAMED SMALLER INDUSTRIESINDUSTRIE AND COMPANIESCOMPANIE SUCH AS GAS STATIONSSTATION
DRY CLEANERSCLEANER ETC ALSO HANDLE TOXIC SUBSTANCESSUBSTANCE AND ARE CLASSESCLASSE

AS POTENTIAL POLLUTION SOURCES LIKEWISE RESIDENTIAL

12
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DEVELOPMENTSDEVELOPMENT WHERE FERTILIZERSFERTILIZER AND PESTICIDESPESTICIDE ARE USED ARE ALSO

CONSIDERED POTENTIAL SOURCESSOURCE OF POLLUTION THERE IS NO

INDICATION AND IT IS NOT IMPLIED THAT THE COMPANIESCOMPANIE INDUSTRIESINDUSTRIE

AND SITESSITE LISTED ARE CONTAMINATING THE GROUND WATER

TABLE 1111 POTENTIAL SOURCESSOURCE OF POLLUTION

SITE DESIGNATION FACILITY

WYCKOFF COMPANY

EPA AERIAL PHOTO ANALYSISANALYSI SITE 18
1961 LIQUID DISPOSAL AREA
EPA AERIAL PHOTO ANALYSISANALYSI SITE

1940 GENERAL DUMP
SEAFAB METAL CORPORATION

FORMERLY RSR QUEMETCO
GOLDEN PENN OIL COMPANY

EPA AERIAL PHOTO ANALYSISANALYSI SITE

1940 WHITE WASTE MOUNDSMOUND
SEATTLE IRON METAL

VALUE PLATING AND METAL POLISHING

9AB EPA AERIAL PHOTO ANALYSISANALYSI SITESSITE

1940 GENERAL DUMPSDUMP
10 BETHLEHEM STEEL COMPANY

11 LONE STAR CEMENT COMPANY ASH GROVE PLANT

12 EPA AERIAL PHOTO ANALYSISANALYSI SITE 19
1961 IHITE WASTE MOUNDSMOUND

13A SEATTLE CITY LIGHT SUBSTATION

13B SEATTLELCITY LIGHT GEORGETOWN STEAM PLANT

14 IDEAL BASIC INDUSTRIESINDUSTRIE

15 CHEMICAL PROCESSORSPROCESSOR INCGEORGETOWN FACILITY

16 MST CHEMICALSCHEMICAL
17 KAISER CEMENT TRANSHIPMENT AREA

PREVIOUSLY REICHOLD CHEMICAL CORP
18 EPA AERIAL PHOTO ANALYSISANALYSI SITE

1940 WASTE PIT
19 EPA AERIAL PHOTO ANALYSISANALYSI SITE

1940 SMALL DUMP AREASAREA
20 EPA AERIAL PHOTO ANALYSISANALYSI SITE

1940 SMALL INDUSTRIAL DUMP
21 NORTHWEST COOPERAGE COMPANY
22 LIQUID AIR COMPANY

23 AIRCO
24 SOUTH PARK LANDFILL

25 JORGENSEN STEEL

13

CARGOO7O21



TABLE 1111 CONTINUED

SITE DESIGNATION FACILITY

26 EPA AERIAL PHOTO ANALYSISANALYSI SITE 12
1940 WHITE STOCKPILE

27 KENWORTH TRUCK COMPANY

28 MONSANTO COMPANY

29 AND BARREL COMPANY

30 EPA AERIAL PHOTO ANALYSISANALYSI SITE 14
1940 PETROLEUM DISTRIBUTOR

31 ACE GALVANIZING

32 ADVANCE ELECTROPLATING

33 EPA AERIAL PHOTO ANALYSISANALYSI SITE 13
1940 UNCONTAINED STORAGE TANKSTANK

34 SEATTLE RENDERING WORKSWORK
35 SUNSET DEMOLITION

36 WEST SEATTLE LANDFILL

37 6TH AVENUE LANDFILL

38 CHEVRON USA

39 TEXACO REFINING AND MARKETING

40 GATX TANK STORAGE TERMINALSTERMINAL
41 ATLANTIC RICHFIELD OIL COMPANY

42 ISAACSON STEEL COMPANY

SITE OWNED BY BOEING
43 ALLENTOWN SEPTIC SEWAGE SYSTEMSSYSTEM
44 LIQUID CARBONIC CORPORATION

45 KAISER CEMENT AND GYPSUM COMPANY

46 NORTH COAST CHEMICAL COMPANY

47 MARALCO ALUMINUM INCORPORATED

48 NORTH BOEING FIELD

49 TERMINAL 105 UPLAND DREDGE SPOIL DISPOSAL

50 TERMINAL

51 KELLOG ISLAND UPLAND DISPOSAL SITE

52 HIGH DUTY ALLOY

53 DELTA MARINE INDUSTRIESINDUSTRIE

54 SEATTLE CITY LIGHT DUWAMISH SUBSTATION

55 VARIOUSVARIOU PLATING WORKSWORK AREA GENERALLY

CONSIDERED FOR RETSRET HAZARD EVALUATION

56 MOBIL OIL

57 SHELL OIL

58 MALARKY ASPHALT

59 PURDY RECYCLING

THISTHI LISTING IS FOR LOCATION REFERENCE AND THE SITING OF

MONITORING WELLS THERE IS NO INDICATION AND IT IS NOT

INTENDED TO IMPLY THAT ANY OF THE INDUSTRIESINDUSTRIE LISTED ARE

CONTAMINATING THE GROUND WATER

14
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GROUND WATER EXTRACTION

THE DEVELOPMENT OR BENEFICIAL USE OF GROUND WATER MUST BE
CONSIDERED IN THE DESIGN OF ANY MONITORING STRATEGY

WHILE THE PURPOSE OF THISTHI STUDY IS TO FOCUSFOCU ON GROUND WATER
CONTRIBUTIONSCONTRIBUTION TO THE RIVER GROUND WATER PUMPING INFLUENCESINFLUENCE
GROUND WATER FLOW AND IS OFTEN SOURCE OF DRINKING WATER SUPPLY
IN ADDITION IMPROPERLY SEALED WELLSWELL CAN SERVE AS CONDUIT FOR

CONTAMINANTSCONTAMINANT TO THE GROUND WATER SYSTEM THE NUMBER OF WELLSWELL IN

THE VALLEY IS UNKNOWN UNDOUBTEDLY LARGE NUMBER OF WELLSWELL WERE

CONSTRUCTED FOR WATER SUPPLY PRIOR TO SERVICE BY THE SEATTLE
WATER DEPARTMENT

OF THOSE DRILLED ONLY 27 SUPPLY WELLSWELL ARE ON RECORD WITH THE DOE

AND THE USGS78 MOST WERE DRILLED FOR INDUSTRIAL SUPPLY BUT

HAVE SINCE BEEN ABANDONED DUE TO POOR WATER QUALITY INQUIRIESINQUIRIE
TO THE WASHINGTON STATE DEPARTMENT OF SOCIAL AND HEALTH SERVICESSERVICE
DOE AND KING COUNTY DEPARTMENT OF HEALTH SERVICESSERVICE INDICATE NO

PRESENT USE OF GROUND WATER IN THE STUDY AREA HOWEVER SOME
WELLSWELL MAY BE IN USE IN THE SOUTHERN PART OF THE STUDY AREA FOR

SINGLE FAMILY DWELLINGSDWELLING OR IRRIGATION

HYDROGEOLOGY

THE HYDROGEOLOGY OF THE STUDY AREA IS THE SINGLE MOST IMPORTANT
FACTOR TO CONSIDER IN DESIGN OF MONITORING STRATEGY THE

HYDROGEOLOGY INFLUENCESINFLUENCE THE DIRECTION RATE OF MOVEMENT AND

CONCENTRATIONSCONCENTRATION OF CONTAMINANTS

GEOLOGIC HISTORY

THE DUWAMISH VALLEY IS LOCATED IN THE CENTRAL PUGET LOWLAND

PHYSIOGRAPHIC PROVINCE THE GEOLOGY AND PHYSIOGRAPHY OF THE

PUGET SOUND LOWLAND IS THE PRODUCT OF NUMBER OF COMPLEX
GEOLOGIC PROCESSESPROCESSE OVER LONG PERIOD OF TIME SYLVESTER 1971
HAS SUMMARIZED THESE EVENTSEVENT IN THEIR ORDER OF OCCURRENCE9

1 SUBMERGENCE OF THE REGION UNDER SHALLOW SEASSEA FROM THE

CAMBRIAN PERIOD600 MILLION YEARSYEAR AGO MYA TO THE EARLY

MESOZOIC ERA200 MYA

2 MARINE AND CONTINENTAL VULCANISM DURING THE MESOZOIC225 TO

65 MYA
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3 RETREAT OF THE SEASSEA AS THE CONTINENTAL LAND MASSMAS SLOWLY ROSE
DURING THE LATE MESOZOIC150 TO 65 MYA

4 MOUNTAIN BUILDING RESULTING FROM FOLDING AND FAULTING OF THE
CRUST CONTEMPORANEOUSCONTEMPORANEOU WITH VULCANISM AND LAVA FLOWSFLOW IN THE

EARLY TERTIARY PERIOD65 TO 40 MYA

5 UPLIFT OF THE PRESENT CASCADE AND OLYMPIC MOUNTAINSMOUNTAIN
BEGINNING IN THE PLIOCENE EPOCH MYA AND CONTINUING
THROUGH THE PRESENT

6 ADVANCESADVANCE AND RETREATSRETREAT OF THE CONTINENTAL ICE SHEETSSHEET DURING
THE PLEISTOCENE EPOCH25 MYA TO 11000 YEARSYEAR AGO

7 INCISION OF VALLEYSVALLEY AND THE SUBSEQUENT DEPOSITION OF

ALLUVIAL DEPOSITSDEPOSIT IN RECENT TIME11000 YEARSYEAR AGO TO

PRESENT

THE GEOLOGY OF THE STUDY AREA IS PRIMARILY INFLUENCED BY REGIONAL
BEDROCK STRUCTURE GLACIAL EROSION AND DEPOSITION AND FLUVIAL
DEPOSITION BY THE DUWAMISH RIVER ROGERSROGER 1970 INFERRED FROM

GEOPHYSICAL DATA MAJOR STRUCTURAL FEATURE TRENDING EAST WEST
THROUGH THE STUDY AREA 10 SEE FIGURE III4B GEOLOGIC MAP
SOUTH OF THISTHI STRUCTURAL FEATURE BEDROCK IS RELATIVELY CLOSE TO

THE SURFACE NORTH OF THE FEATURE IS DEPRESSION IN THE BEDROCK
WHICH HAS BEEN FILLED WITH UNCONSOLIDATED SEDIMENTS HALL AND

OTHBERG 1974 ESTIMATED THE THICKNESSTHICKNES OF THE UNCONSOLIDATED
SEDIMENTSSEDIMENT TO BE ABOUT 3600 FEET AT THE NORTH END OF HARBOR ISLAND
TO LESSLES THAN 300 FEET JUST SOUTH OF THE ISLAND11

PLIESTOCENE GLACIERSGLACIER ADVANCING SOUTH FROM BRITISH COLUMBIA ERODED

THE VALLEY BEDROCK CREATING BROAD TROUGH WHICH WAS THEN FILLED

AS THE GLACIERSGLACIER RETREATED TYPICAL GLACIAL SEQUENCE INCLUDESINCLUDE
ADVANCE OUTWASH SAND AND GRAVEL DEPOSITED IN FRONT OF THE

ADVANCING GLACIER TILL HIGHLY COMPACTED MATERIAL WHICH WAS
OVERRIDDEN BY THE GLACIER AND RECESSIONAL OUTWASH SAND AND

GRAVEL DEPOSITED ON THE TILL BY THE RETREATING GLACIER
ADDITIONALLY AN ADVANCING OR RETREATING GLACIER WILL DEPOSIT
THICK SEQUENCESSEQUENCE OF SILT AND CLAY IN PROGLACIAL LAKES DEPOSITSDEPOSIT
OF THE LAST GLACIATION ARE CALLED THE VASHON DRIFT AND WITHIN THE

STUDY AREA INCLUDE THE VASHON TILL ESPERANCE SAND ADVANCE
OUTWASH AND THE LAWTON CLAY PROGLACIAL LAKE DEPOSITS SEE

FIGURE ILLSILL REGIONAL CROSSCROS SECTION AA FOR THE VERTICAL
DISTRIBUTION OF THESE UNITSUNIT ACROSSACROS THE VALLEY
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ARTIFICIAL FILL MODIFIED LAND AREASAREA LEVELED BY CUT AND FILL

ALLUVIUM CHIEFLY SAND AND SILT SOME CLAY AND PEAT
INCLUDESINCLUDE AREASAREA OF BEACH DEPOSITSDEPOSIT AND LANDSLIDES

VASHON TILL COMPACT MIXTURE OF SILT SAND GRAVEL AND CLAY

ADVANCE OUTWASH CHIEFLY MEDIUM TO COARSE SAND AND PEBBLE

GRAVELS

LAWTON CLAY MOSTLY COHESIVE OVERCONSOLIDATED CLAYEYSILT

SEDIMENTARY ROCKSROCK SANDSTONESSANDSTONE SILTSTONESSILTSTONE SHALESSHALE AND

CONGLOMERATESCONGLOMERATE OF EOCENE AND OLIGOCENE AGE

RU INTRUSIVE ROCKSROCK PYROXENE ANDESITE AND BASALT

GEOLOGIC CONTACT DASHED WHERE APPROXIMATELY LOCATED

POSTULATED FAULT SHOWING REALITIVE MOVEMENT

UPTHROWN SIDE DOWNTHROWN SIDE

SCHEMATIC CROSSCROS SECTION AA LOCATION

DUWAMISH GROUND WATER STUDY

GEOLOGIC MAP LEGEND

SWEET EDWARDSEDWARD ASSOCIATESASSOCIATE

CHECKED BY II41
EVISED GURE
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OF PARTICULAR INTEREST TO THISTHI INVESTIGATION ARE THE ALLUVIAL
SEDIMENTSSEDIMENT WHICH MAKE UP THE VALLEY FLOOR AND WERE DEPOSITED SINCE

THE LAST GLACIATION THE DISTRIBUTION OF THESE MATERIALSMATERIAL ARE
DISCUSSED IN GREATER DETAIL IN SECTION IV VALLEY FLOOR
CHARACTERISTICS

GEOLOGIC UNITSUNIT

EIGHT MAJOR GEOLOGIC UNITSUNIT AR PRESENT IN THE DUWAMISH VALLEY

ARTIFICIAL FILL

ALLUVIUM

ESTUARINE DEPOSITSDEPOSIT
VASHON TILL

ESPERANCE SAND

GLACIO LACUSTRINE DEPOSITSDEPOSIT
SALMON SPRINGSSPRING DRIFT

BEDROCK

ARTIFICIAL FILL INCLUDESINCLUDE MATERIALSMATERIAL PLACED BY MAN
PRIMARILY FINE GRAINED DREDGED SEDIMENTSSEDIMENT SUCH AS SAND AND SILT

PLUSPLU LOCALIZED DEMOLITION AND INDUSTRIAL WASTES CHARACTER OF

FILL GENERALLY CHANGESCHANGE LATERALLY AND VERTICALLY OVER SHORT

DISTANCES SILTY SAND AND SILT IS THE MOST COMMON MATERIAL

TYPE HYDRAULIC CONDUCTIVITY PERMEABILITY OF THE FILL VARIESVARIE
DRAMATICALLY OVER SHORT DISTANCESDISTANCE AND IS GENERALLY GREATER THAN

UNDERLYING OR ADJACENT NATURAL SEDIMENTS AS RESULT FILLED
RIVER CHANNELSCHANNEL MAY ACT AS ZONESZONE OF PREFERENTIAL FLOW THE

VARIABLE NATURE OF THE FILL MATERIAL REDUCESREDUCE PREDICTABILITY OF

CONTAMINANT BEHAVIOR HOWEVER THE COMMONLY FINE GRAINED NATURE

AND ORGANIC CONTENT INCREASESINCREASE CONTAMINANT ATTENUATION THICKNESSTHICKNES
OF THE FILL RANGESRANGE FROM LESSLES THAN TO 30 FEET OR MORE IN

CHANNELS

ALLUVIUM PRESENT THROUGHOUT THE VALLEY FLOOR OF THE STUDY

AREA COMPOSED OF INTERFINGERED STRATA OF SAND SILT CLAY
GRAVEL AND PEAT THICKNESSTHICKNES VARIESVARIE FROM FEW FEET IN THE SOUTH

TO SEVERAL HUNDRED IN THE NORTH PERMEABILITY IS GENERALLY LOW

BUT MODERATE FOR THE COARSER FRACTIONS LOCAL GROUND WATER FLOW

PATTERNSPATTERN CAN BE COMPLEX BUT THE PREDOMINANCE OF FINE GRAINED
SEDIMENTSSEDIMENT FAVORSFAVOR CONTAMINANT ATTENUATION

ESTUARINE DEPOSITS VARY IN COMPOSITION FROM CLAYEY SILT TO

SAND AND GRAVEL COARSER MATERIAL IS REPORTED TO EXIST IN THE

NORTHERN PART OF THE STUDY AREA12 SHELLSSHELL ARE TYPICAL AND

THICKNESSTHICKNES RANGESRANGE FROM FEW FEET TO ABOUT 90 FEET DEPOSITSDEPOSIT VARY
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LATERALLY AND VERTICALLY COMMONLY GRADING FINER WITH DEPTH
PERMEABILITY IS RELATIVELY LOW WITH RELATIVELY HIGH ATTENUATION

POTENTIAL EXCEPT FOR COARSER FRACTIONS

VASHON TILL COMPACT UNSORTED MIXTURE OF CLAY SILT SAND

AND GRAVEL COMMONLY CALLED HARDPAN THISTHI OCCURSOCCUR ON UPLAND

SLOPESSLOPE AND BENEATH THE ALLUVIUM THE TILL HAS VERY LOW

PERMEABILITY PROMOTING RUNOFF FROM UPLAND SLOPESSLOPE AND MAY SERVE AS

CONFINING LAYER OR BARRIER TO THE FLOW OF GROUND WATER AND

CONTAMINANTS TILLSTILL COVERING THE UPLANDSUPLAND ARE FROM THE VASHON

GLACIATION ORIGIN OF TILLSTILL BENEATH THE VALLEY FLOOR IS

UNCERTAIN BUT MAY BE PART OF THE OLDER SALMON SPRINGSSPRING DRIFT

ESPERANCE SAND BROWN STRATIFIED SAND WITH SMALL LENSESLENSE
OF CLAY SILT AND GRAVEL REPRESENTSREPRESENT ADVANCE OUTWASH DEPOSITSDEPOSIT OF

THE VASHON GLACIATION THE ESPERANCE SAND IS WELL EXPOSED IN THE

RIDGE FORMING THE WESTERN BOUNDARY OF THE STUDY AREA
PERMEABILITY IS MODERATE AND POTENTIAL ATTENUATION OF POLLUTANTSPOLLUTANT
IS LOW HOWEVER THE UNITSUNIT STRATIGRAPHIC POSITION WELL UP ON

THE RIDGE IN PREDOMINANTLY RESIDENTIAL AREA REDUCESREDUCE THE

POTENTIAL FOR CONTRIBUTION OF CONTAMINATION TO THE RIVER FROM THE

ESPERANCE SAND

GLACIO LACUSTRINE DEPOSITS LAKE SEDIMENTSSEDIMENT UNDERLYING MOST

OF THE WESTERN PORTION OF THE STUDY AREA AND COMPOSING THE LOWER

PART OF THE WESTERN RIDGE COVERED BY VASHON TILL OR ALLUVIUM IN

MOST AREASAREA AND UNDERLAIN BY TILL IN THE VALLEY FLOOR THE LAKE

DEPOSITSDEPOSIT CONSIST PRIMARILY OF SILT CLAYEYSILT AND CLAY WITH

SOME FINE SAND AND GRAVEL IN THE NORTHERN PART OF THE STUDY AREA

HOWEVER THERE IS SOME SAND AND GRAVEL IN THE SOUTHERN PART OF

THE STUDY AREA THESE DEPOSITSDEPOSIT INCLUDE THE LAWTON CLAY MEMBER

OF THE VASHON DRIFT BUT MAY ALSO INCLUDE SOME NONGLACIAL SILT

AND CLAY OF THE KITSAP FORMATION AND LAKE DEPOSITSDEPOSIT OF THE SALMON

SPRINGSSPRING DRIFT TOTAL THICKNESSTHICKNES OF THE LAKE DEPOSITSDEPOSIT MAY BE IN

EXCESSEXCES OF 300 FEET

PERMEABILITY IS MODERATE TO HIGH WITH LOW POLLUTANT ADSORPTION IN

THE COARSE FRACTION THE FINE GRAINED FRACTION EXHIBITSEXHIBIT VERY LOW

PERMEABILITIESPERMEABILITIE WITH HIGH CONTAMINANT AND ATTENUATION POTENTIAL

SALMON SPRINGSSPRING DRIFT UNDIFFERENTIATED GLACIAL DRIFT

INCLUDING TILL OUTWASH SAND AND GRAVEL AND GLACIOLACUSTRINE
SILT AND CLAY OUTWASH DEPOSITSDEPOSIT ARE AN IMPORTANT AQUIFER BENEATH

WEST SEATTLE PERMEABILITY AND POLLUTANT MOBILITY IS VARIED

BEDROCK FORMSFORM THE RIDGE ON THE SOUTHEAST SIDE OF THE

VALLEY BEDROCK OUTCROPSOUTCROP IN THE SOUTHERN THIRD OF THE VALLEY
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FLOOR BUT PLUNGESPLUNGE TO CONSIDERABLE DEPTH UNDER HARBOR ISLAND
BEDROCK IS PRIMARILY SANDSTONE AND SILTSTONE WITH INTRUSIONSINTRUSION OF

NDE SITE

THE SANDSTONESSANDSTONE AND SILTSTONESSILTSTONE ARE TYPICALLY HARD AND LOW TO

MODERATE IN PERMEABILITY HOWEVER UNCEMENTED OR WEATHERED
FRACTIONSFRACTION ARE COMMON CONSIDERABLE FAULTING AND FOLDING IS

EVIDENT WITH CLOSELY SPACED FRACTURESFRACTURE WHICH INCREASE THE

PERMEABILITY

THE ANDESITE IS AN IMPERMEABLE CRYSTALLINE ROCK BUT ALSO HEAVILY
FRACTURED THE ANDESITE IS QUARRIED AT THE NEARBY BLACK RIVER

QUARRY QUARRYING OPERATIONSOPERATION TEND TO MOBILIZE SULFUROUSSULFUROU MINERALSMINERAL
DEPOSITED IN THE FRACTURES13

GROUND WATER

GLACIAL GEOLOGY DOMINATESDOMINATE THE UPLANDSUPLAND AND FLUVIAL GEOLOGY
DOMINATESDOMINATE THE VALLEY FLOOR THISTHI VARIATION IN GEOLOGIC CHARACTER

DEFINESDEFINE TWO DIFFERENT GROUND WATER REGIMESREGIME WITHIN THE STUDY AREA
POLLUTION POTENTIAL IS SIGNIFICANTLY DIFFERENT ALSO WITH THE

UPLANDSUPLAND PRIMARILY RESIDENTIAL AND THE VALLEY FLOOR PRIMARILY
INDUSTRIAL

THERE IS INSUFFICIENT DATA TO DEFINE THE NUMBER OF AQUIFERSAQUIFER
PRESENT OR POTENTIOMETRIC SURFACE FROM WHICH WE CAN DEDUCE THE

DIRECTION OF GROUND WATER FLOW FIGURE 1116 SCHEMATIC GROUND

WATER FLOW NAP ILLUSTRATESILLUSTRATE THE GENERAL DIRECTION OF GROUND WATER

FLOW BASED ON THE ASSUMPTION OF POTENTIORNETRIC SURFACE
REFLECTING SURFACE TOPOGRAPHY

IT IS LIKELY THAT AT LEAST TWO MAJOR COMPONENTSCOMPONENT TO GROUND WATER

FLOW EXIST WITHIN THE STUDY AREA DEEPER COMPONENT
PREDOMINANTLY IN THE DEEP GLACIAL ALLUVIAL SEDIMENTSSEDIMENT WITH MINIMAL
INFLUENCE FROM THE RIVER AND SHALLOW COMPONENT WHICH IS

HEAVILY INFLUENCED AT LEAST WITHIN THE VALLEY FLOOR BY RIVER
LEVELSLEVEL AND TIDAL ACTIVITY

UPLAND GROUND WATER REGIME THE UPLAND AQUIFERSAQUIFER ARE

COMPOSED OF GLACIAL AND INTERGLACIAL MATERIAL ON THE WEST AND

NORTHEAST TO THE EAST AND SOUTHEAST GROUND WATER OCCURENCE IS

PREDOMINANTLY WITHIN THE BEDROCK THERE ARE NO REPORTED WELLSWELL IN

THE BEDROCK IN THE EAST WITH THE EXCEPTION OF LIMITED FLOW

THROUGH FRACTURESFRACTURE THE BEDROCK PROBABLY SERVESSERVE AS GROUND WATER

BARRIER NORTH OF THE STRUCTURAL FEATURE BENEATH BEACON HILL

SEE FIGURE 1114 GEOLOGIC MAP GROUND WATER IN THE UPLANDSUPLAND
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OCCURSOCCUR PRIMARILY IN PREVASHON SAND AND GRAVEL SALMON SPRINGSSPRING
DRIFT WHICH IS MANTLED BY VASHON TILL

THE WEST UPLAND IS TOPOGRAPHICALLY HIGHER THAN THE EAST AND THE

GROUND WATER GEOLOGY IS LITTLE BETTER DEFINED DUE TO DATA
DERIVED FROM THE METRO TUNNEL STUDY1415 AS IN THE NORTHEAST
THE MAJOR AQUIFERSAQUIFER ARE THE ESPERANCE SAND AND THE SALMON SPRINGSSPRING
DRIFT OLYMPIA GRAVELSGRAVEL DEPOSITS THE LAWTON CLAY SERVESSERVE AS

PERCHING LAYER FOR GROUND WATER ABOVE

RECHARGE TO THE UPLAND AQUIFERSAQUIFER IS FROM PRECIPITATION
INFILTRATING THROUGH THE TILL MANTLE DISCHARGE IS PROBABLY TO

THE VALLEY FLOOR HOWEVER HYDRAULIC CONNECTION WITH THE VALLEY

FLOOR IS NOT DEFINED SUBSURFACE FLOW FROM THE UPLAND AQUIFERSAQUIFER
TO THE VALLEY FLOOR AQUIFERSAQUIFER IS PROBABLY GREATER ALONG THE SOUTH

OR CENTRAL PART OF THE WEST UPLANDSUPLAND THAN ELSEWHERE IN THE STUDY

AREA

THE GROUND WATER QUALITY OF THE UPLANDSUPLAND IS RELATIVELY GOOD THE

POTENTIAL FOR POLLUTION IS RELATIVELY LOW DUE TO THE LACK OF

INDUSTRY AND THE USE OF SEWERS

VALLEY FLOOR GROUND WATER REGIME THE GROUND WATER OF THE

VALLEY FLOOR IS THE PRIMARY FOCUSFOCU OF THISTHI PROJECT DUE TO THE HIGH

POTENTIAL FOR CONTAMINATION FROM INDUSTRY AND THE PROXIMITY OF

THE RIVER THERE ARE FEW MAJOR AQUIFERSAQUIFER WHICH WOULD PROVIDE
SIGNIFICANT YIELDSYIELD TO WELLS MOST WELLSWELL DRILLED IN THE AREA

GENERALLY TAPPED SMALL ISOLATED POCKETSPOCKET OF SAND AND GRAVEL AND

WERE SUBSEQUENTLY ABANDONED DUE TO POOR WATER QUALITY HOWEVER
THICK SAND AND GRAVEL AQUIFERSAQUIFER OCCUR AT DEPTH

THE WATER BEARING SEDIMENTSSEDIMENT OF THE VALLEY FLOOR ALLUVIUM ARE

GENERALLY FINE GRAINED MATERIALSMATERIAL FINE SAND AND SILTY SAND WITH

LOW TO MODERATE PERMEABILITIES GROUND WATER GRADIENTSGRADIENT AND

VELOCITY ARE ALSO LOW BASED ON LIMITED STUDIESSTUDIE AT INDUSTRIAL

SITES IN LOCALIZED AREASAREA SAND AND GRAVEL STRATA OCCUR WITH

HIGHER PERMEABILITIESPERMEABILITIE BUT THICK SECTIONSSECTION OF SILT AND CLAY ARE

MORE COMMON

THE WATER TABLE IN ALLUVIAL BASINSBASIN COMMONLY REFLECTSREFLECT TOPOGRAPHY

WITH CONSEQUENT GROUND WATER FLOW TOWARD RIVERSRIVER AND STRONGLY
AFFECTED BY TIDAL INFLUENCE IN AREASAREA ADJACENT TO ESTUARIES
WHERE FILL HAS BEEN PLACED PREFERENTIAL FLOW OCCURSOCCUR DUE TO THE

MORE PERMEABLE NATURE OF THE FILL RELATIVE TO SIMILAR NATURALLY

OCCURRING SEDIMENTS
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THE EFFECTSEFFECT OF THE RIVERSRIVER SALT WEDGE ARE CONCERN WITH RESPECT

TO MONITORING VERY LITTLE IS KNOWN ABOUT SOLUTE TRANSPORT IN

SALINE OR BRACKISH GROUND WATER PARTICULARLY WITH RESPECT TO
INORGANIC CONTAMINANTS STUDIESSTUDIE ON THE REACTION OF METALSMETAL IN SEA

WATER INDICATESINDICATE PRECIPITATION OF SOME ELEMENTAL CONTAMINANTSCONTAMINANT WITH

INCREASESINCREASE IN SALINITY ORGANIC MATERIAL IN THE DUWAINISH APPEARED

TO CATALYZE THE REACTION LOWERING THE SALINITY THRESHOLD1617

AS RESULT SELECTED CONTAMINANTSCONTAMINANT MAY TEND TO PRECIPITATE OUT OF

THE WATER COLUMN ON THE OTHER HAND OTHER CONTAMINANTSCONTAMINANT SUCH AS

CADMIUM MAY BE MOBILIZED IN THE ORGANIC RICH BRACKISH WATERS

SIMILAR TYPE OF REACTION WOULD BE EXPECTED IN THE BRACKISH GROUND

WATER OF THE VALLEY FLOOR HOWEVER THE EXTENT OF THISTHI
SIMILARITY IS UNCERTAIN DUE TO THE DIFFERING HYDROCHEMISTRY OF

THE GROUND WATER

THE GROUND WATER OF THE VALLEY FLOOR IS DISCUSSED IN MORE DETAIL

IN THE FOLLOWING SECTION
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SECTION IV

VALLEY FLOOR CHARACTERISTICSCHARACTERISTIC

BASED ON THE AVAILABLE HYDROGEOLOGIC DATA LAND USE DATA AND
EVALUATION OF POTENTIAL POLLUTANT SOURCESSOURCE THE DUWAMISH VALLEY
FLOOR SHOULD BE THE MAJOR FOCUSFOCU OF THE MONITORING STRATEGY
THROUGHOUT MOST OF THE VALLEY FLOOR SHALLOW GROUND WATER
DISCHARGESDISCHARGE DIRECTLY TO THE RIVER LARGE AREASAREA OF FILL AND FILLED
CHANNELSCHANNEL IN THE NORTHERN TWOTHIRDSTWOTHIRD OF THE VALLEY FLOOR PROMOTE
PREFERENTIAL FLOW OF GROUND WATER THE SOUTHERN THIRD OF THE

VALLEY FLOOR IS CHARACTERIZED BY THIN MANTLE OF SEDIMENT AND

BEDROCK OUTCROPS

THE VALLEY FLOOR COVERSCOVER APPROXIMATELY 12 SQUARE MILESMILE AND HAS

BEEN DIVIDED INTO 13 SUBAREASSUBAREA TO BE CONSIDERED INDIVIDUALLY WITH

RESPECT TO

POTENTIAL SOURCESSOURCE OF POLLUTION

GEOLOGY
GROUND WATER

POLLUTANT MOBILITY

SEE FIGURE IV1 VALLEY FLOOR SUBAREASSUBAREA

BASISBASI FOR SUBDIVISION

HYDROGEOLOGIC DATA ARE INSUFFICIENT TO DIVIDE THE VALLEY FLOOR

ACCURATELY INTO HYDROLOGIC SUBBASINS THEREFORE THE SUBBASIN
BOUNDARIESBOUNDARIE WERE CHOSEN USING THE FOLLOWING FACTORSFACTOR

1 PRESENT SURFACE DRAINAGE
2 HISTORICAL DRAINAGE PRIOR TO URBANIZATION
3 POSSIBLE GROUND WATER DIVIDESDIVIDE
4 LAND USE POLLUTION POTENTIAL
5 SIZE

6 GEOLOGY

GENERAL ASSUMPTIONSASSUMPTION

GENERAL ASSUMPTIONSASSUMPTION HAVE BEEN EMPLOYED DIVIDING THE VALLEY FLOOR

INTO SUBAREASSUBAREA AND IN OUR ANALYSISANALYSI WITH RESPECT TO MONITORING

1 FILLED RIVER CHANNELSCHANNEL ARE CONDUITSCONDUIT OF PREFERENTIAL FLOW
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2 SEWERSSEWER STORM DRAINSDRAIN AND UNDERGROUND PIPE EMPLACEMENTSEMPLACEMENT ALSO

SERVE AS CONDUITSCONDUIT OF PREFERENTIAL FLOW BUT DUE TO THEIR
DENSITY AND THE LACK OF DETAILED KNOWLEDGE OF INDUSTRIAL

PIPING WHEREABOUTSWHEREABOUT UNDERGROUND STRUCTURESSTRUCTURE ARE TREATED AS

NONPOINT SOURCE

3 GROUND WATER DIVIDESDIVIDE CONFORM TO SURFACE WATER DIVIDES

4 SHALLOW GROUND WATER FLOW IS TOWARD THE RIVER

5 STORM DRAINSDRAIN AND SEWERSSEWER FOLLOW TOPOGRAPHY AND LEAKAGE DOESDOE
NOT INFLUENCE DIRECTION OF GROUND WATER FLOW

6 HIGHLY INDUSTRIALIZED AREASAREA HAVE HIGHER POLLUTION POTENTIAL

THAN LESSLES DEVELOPED AREAS

7 SUBSURFACE FLOW TO VALLEY AQUIFERSAQUIFER FROM UPLANDSUPLAND IS UNIFORM

THROUGHOUT STUDY AREA

8 THE DUWAMISH RIVER IS HYDROLOGIC BOUNDARY TO GROUND WATER

FLOW

9 FINE GRAINED AND ORGANIC RICH SEDIMENTSSEDIMENT HAVE THE HIGHEST
ATTENUATIVE CAPACITY FOR GROUND WATER CONTAMINANTS CLEAN

GRAVELSGRAVEL AND SANDSSAND HAVE THE LOWEST CAPACITY

10 WHERE THE SUBBASINSSUBBASIN ARE BOUNDED BY THE ESTUARY SIGNIFICANT

ATTENUATION OF DISSOLVED CONTAMINANTSCONTAMINANT MAY OCCUR AT THE

SUBSURFACE SALINEFRESH WATER INTERFACE

SUBAREA

THISTHI THREEQUARTER SQUARE MILE SUBAREA IS BOUNDED ON THE NORTH BY

ELLIOT BAY ON THE WEST BY THE VALLEY WALL ALONG HARBOR AVENUE

SW THE WEST WATERWAY ON THE EAST AND EXTENDSEXTEND SOUTH TO THE

LOWER REACHESREACHE OF LONGFELLOW CREEK LONGFELLOW CREEK CURRENTLY
DISCHARGESDISCHARGE TO THE WEST WATERWAY AT 5W HINDSHIND STREET THE OLD

CHANNEL IS USED AS DISCHARGE CONDUIT FOR CONTACT COOLING WATER

FROM SEATTLE STEEL

POTENTIAL SOURCESSOURCE OF POLLUTION THISTHI SUBAREA IS PRIMARILY
INDUSTRIAL WITH LARGE PAVED AREASAREA ALONG THE DOCKS INFILTRATION

POTENTIAL IS LOW EXCEPT ON THE WEST POTENTIAL SOURCESSOURCE INCLUDE

WYCKOFF WEST SEATTLE LANDFILL INACTIVE TERMINAL AND

BETHLEHEM STEEL POSSIBLE CONTAMINANTSCONTAMINANT INCLUDE WOOD

PRESERVATIVESPRESERVATIVE PCBSPCB CYANIDE METALSMETAL METHANE SOLVENTSSOLVENT BASE
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GEOLOGY FILL THICKENSTHICKEN FROM THE SOUTH TO MORE THAN 25 FEET
IN THE NORTH AND MAY BE THICKER IN THE FILLED CHANNELS FOR MOST
OF THISTHI SUBAREA THE FILL IS PREDOMINANTLY SILTY SAND TO THE WEST
AND SAND TO THE EAST ALONG THE SOUTHERN BORDER THE FILL IS
UNCLASSIFIED SEE FIGURESFIGURE IV2 CROSSSECTION BB AND FIGURE
IV3 CROSSSECTION CC DD BELOW THE FILL IS SILTY SAND

UNDERLAIN BY GENERALLY CLEAN BROWN TO BLACK FINE TO MEDIUJN

SAND TO THE SOUTH THE FILL WAS PLACED ON SILT AND GRAVEL
TILL RANGESRANGE FROM ABOUT 40 FEET TO 130 FEET DEEP

GROUND WATER WATER LEVELSLEVEL GENERALLY REFLECT SEA OR RIVER

LEVELSLEVEL WITH FLOW IN THE NORTH PROBABLY TO THE WEST WATERWAY AND

ELLIOTT BAY AND TO LONGFELLOW CREEK OR THE WEST WATERWAY IN THE

SOUTH TIDAL INFLUENCE IS STRONG PROBABLY REVERSING FLOW

DIRECTIONSDIRECTION NEAR THE BAY AND THE WATERWAY

SUBAREA II

THISTHI SUBAREA CONSISTSCONSIST OF HARBOR ISLAND IT IS SURROUNDED BY THE

WEST AND EAST WATERWAYSWATERWAY AND ELLIOT BAY ALL SALINE OR BRACKISH
WATERS THE ISLAND COVERSCOVER ABOUT EIGHTTENTHSEIGHTTENTH OF SQUARE MILE

AND IS TRAVERSED NORTHEAST BY RELATIVELY INDISTINCT BURIED
CHANNEL IN THE SOUTHERN PART OF THE ISLAND

POTENTIAL SOURCESSOURCE OF POLLUTION THE ISLAND IS EXCLUSIVELY
INDUSTRIAL WITH HIGH PERCENTAGE OF PAVED AREA INFILTRATION

POTENTIAL IS MODERATE TO LOW AND STORM DRAINSDRAIN ARE RELATIVELY
SHORT AND STRAIGHT TO THE RIVER MAJOR POTENTIAL CONTAMINANT
SOURCESSOURCE INCLUDE SEAFAB LEAD SMELTER SEATTLE IRON AND METAL
VALUE PLATING AND METAL POLISHING SEVERAL BULK PETROLEUM
DISTRIBUTORSDISTRIBUTOR SHIPYARDSSHIPYARD AND OTHER SITESSITE IDENTIFIED BY THE EPA

AREAL PHOTO SURVEY POTENTIAL CONTAMINANTSCONTAMINANT INCLUDE HEAVY

METALSMETAL CYANIDE PETROLEUM PRODUCTSPRODUCT AND SOLVENTS

GEOLOGY THE ENTIRE ISLAND IS COMPOSED OF SANDY FILL TO

DEPTHSDEPTH OF 30 FEET SEE FIGURE IV3 CROSSSECTION CC 0FL
VERY LITTLE SUBSURFACE INFORMATION IS AVAILABLE FOR THE WEST SIDE

OF THE ISLAND TEST BORINGSBORING INDICATE AN UNDULATING IRREGULAR
PREFILL SURFACE BELOW THE FILL IS ABOUT 80 TO 150 FEET OF

SILTY SAND SANDY SILT AND SILT UNDERLAIN BY CLEAN SAND WITH
TILL AT DEPTHSDEPTH OF 170 TO 300 FEET

GROUND WATER FLOW IS EXPECTED TO BE TOWARD THE NEAREST

MARGIN OF THE ISLAND GROUND WATER LEVELSLEVEL PROBABLY REFLECT TIDAL

FLUCTUATIONSFLUCTUATION NEAR THE ISLAND MARGINS HYDRAULIC CONTINUITY
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BETWEEN THE FILL AND RIVER IS HIGH EXCEPT WHERE SHEET PILESPILE AND

COMPACTED BERMSBERM HAVE BEEN CONSTRUCTED

SUBAREA III

THISTHI SUBAREA COVERSCOVER ABOUT ONE AND THIRD SQUARE MILESMILE AND IS

BOUNDED ON THE NORTH BY ATLANTIC STREET ON THE WEST BY THE EAST

WATERWAY ON THE SOUTH BY SPOKANE STREET AND ON THE EAST BY
INTERSTATE 5 THISTHI AREA WAS PREVIOUSLY TIDE FLAT WITH TALL

GRASSESGRASSE ON THE EAST IT IS LIKELY THAT AT LEAST THE EASTERN

PORTION OF THISTHI AREA WAS COVERED WITH MUD PRIOR TO FILLING BUT

TIDAL ACTION WASHED OUT THE FINESFINE ON THE WEST LEAVING SFLDY
BOTTOM

POTENTIAL SOURCESSOURCE OF POLLUTION MOST OF THISTHI SUBAREA IS

INDUSTRIAL AND PAVED EXCEPT FOR EXTENSIVE RAIL DEVELOPMENT
INFILTRATION IS MODERATE TO LOW POTENTIAL SOURCESSOURCE OF POLLUTANTSPOLLUTANT
INCLUDE 6TH AVENUE LANDFILL NUMEROUSNUMEROU UNDESIGNATED LANDFILLSLANDFILL
TWO BULK PETROLEUM DISTRIBUTORSDISTRIBUTOR RAILROADSRAILROAD AND VARIOUSVARIOU
MANUFACTURING PLANTS POTENTIAL POLLUTANTSPOLLUTANT INCLUDE PETROLEUM
PRODUCTSPRODUCT WOOD PRESERVATIVESPRESERVATIVE SOLVENTSSOLVENT HEAVY METALSMETAL AND METHANE

GAS

GEOLOGY THE ENTIRE SUBAREA HAS BEEN FILLED WITH FILL
THICKNESSTHICKNES RANGING FROM 12 FEET ON THE EAST TO MORE THAN 48 FEET

ON THE WEST SEE FIGURE IV4 CROSSSECTIONSCROSSSECTION EE AND FF
THE FILL VARIESVARIE IN COMPOSITION INCLUDING GRAVEL SAND SILTY

SAND CLAY AND REFUSE THE FILL IS UNDERLAIN BY SILT TO THE EAST

AND SAND AND SILTY SAND TO THE WEST TILL WAS REPORTED IN ONE

BORING AT DEPTH OF 120 FEET

GROUND WATER FLOW IS PROBABLY WEST TO THE EAST WATERWAY
TIDAL INFLUENCESINFLUENCE WITH RESULTANT VARYING GROUND WATER FLOW

DIRECTION MAY BE SIGNIFICANT IN THE WESTERN PART OF THE SUBAREA

SUBAREA IV

THISTHI SUBAREA COVERSCOVER ABOUT ONE QUARTER SQUARE MILE AND IS BOUNDED

ON THE NORTH BY SPOKANE STREET AND ON THE EAST BY THE DUWAMISH
RIVER THE SOUTH BOUNDARY IS JUST SOUTH OF BRANDON STREET SW
AND THE SLOPE TO THE UPLANDSUPLAND FORMSFORM THE WEST BOUNDARY THISTHI
SUBAREA INCLUDESINCLUDE KELLOGG ISLAND AND BURIED CREEK AND RIVER

CHANNEL IN THE NORTHERN PART OF THE SUBAREA
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POTENTIAL SOURCESSOURCE OF POLLUTION KELLOGG ISLAND AND AN OLD

RIVER BEND ARE IN THE CENTER OF THE SUBAREA AND HAVE BEEN

PRESERVED AS WILDLIFE RESERVE THISTHI AREA HAS RELATIVELY HIGH

INFILTRATION POTENTIAL THE REMAINDER OF THE SUBAREA IS

INDUSTRIAL AND PAVED WITH LOW TO MODERATE INFILTRATION

POTENTIAL THE MAJOR POTENTIAL SOURCESSOURCE OF POLLUTION INCLUDE

IDEAL BASIC INDUSTRIESINDUSTRIE KAISER CEMENT AND GYPSUM COMPANY
TERMINAL 105 AND THE KELLOGG ISLAND UPLAND DISPOSAL SITE

PRINCIPAL IDENTIFIED CONTAMINANTSCONTAMINANT MAY INCLUDE FLUE DUST KILN AND

TRUCK WASHDOWN WATER AND LEACHING FROM CONTAMINATED DREDGE

SPOILS

GEOLOGY ABOUT FEET OF MIXED FILL COVERSCOVER THE DEVELOPED

AREA SEE FIGURE IV5 CROSSSECTIONSCROSSSECTION GG HH IT IS

THICKER IN THE NORTH AND BURIED CHANNELS THE FILL CONSISTSCONSIST OF

PREDOMINANTLY SILTY SAND BUT SILT AND GRAVEL POCKETSPOCKET ARE COMMON

BELOW THE FILL IS 20 FEET OR MORE OF COARSE BLACK SAND WITH

RELATIVELY THICK 510 FEET PEAT LAYER IN THE UPPER PART THE

PEAT IS PRIMARILY IN THE CENTRAL PART OF THE SUBAREA AND UNDER

KELLOGG ISLAND BELOW THE SAND IS THICK LAYER OF SILT WITH

INTERBEDSINTERBED OF SAND

GROUND WATER FLOW IS TOWARD THE RIVER IN THE SOUTH WITH

MINOR DIVERSION TO THE NORTH IN THE FILLED CREEK BED NORTH OF

KELLOGG ISLAND EASTERLY FLOW MAY BE DIVERTED NORTH BY THE FILLED

RIVER CHANNEL MOST GROUND WATER IS EXPECTED TO PERCH ON THE

SILT AND FLOW TOWARD THE RIVER RECHARGE FROM UPLAND AQUIFERSAQUIFER IS

REDUCED BY CLAY SLOPESSLOPE AND THINNING OF THE SAND LAYER TO THE

WEST

SUBAREA

THISTHI SUBAREA COVERSCOVER ABOUT ONE AND HALF SQUARE MILESMILE AND IS

BOUNDED ON THE NORTH BY SPOKANE STREET ON THE WEST BY THE

DUWAMISH RIVER AND ON THE EAST BY INTERSTATE 5 THE SOUTHERN

BOUNDARY RUNSRUN EASTWEST BETWEEN ORCASORCA AND FIDALGO STREETSSTREET SOUTH

THE NORTH AND WESTERN PARTSPART OF THE SUBAREA INCLUDESINCLUDE FILLED

DISTRIBUTARY CHANNELS THE EASTERN AND SOUTHERN PARTSPART OF THE

SUBAREA ARE REPORTED TO HAVE BEEN WOODED PRIOR TO DEVELOPMENT

POTENTIAL SOURCESSOURCE OF POLLUTION MOST OF THISTHI AREA IS

INDUSTRIAL WITH LARGE RAIL FACILITY INFILTRATION IS MODERATE

TO LOW POTENTIAL SOURCESSOURCE INCLUDE ASH GROVE CEMENT SEATTLE

CITY LIGHT SUBSTATION CHEMPRO LIQUID CARBONIC CORPORATION
SEVERAL REFUSE DUMPSDUMP MOUNDSMOUND AND WASTE PITS MAJOR CONTAMINANTSCONTAMINANT

SUSPECTED INCLUDE PCBSPCB SOLVENTSSOLVENT METHANE GAS AND HEAVY METALS
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GEOLOGY TYPICALLY THERE IS 1020 FEET OF FILL THROUGHOUT

MOST OF THE AREA PREDOMINANTLY SILT AND SILTY SAND SEE FIGURE

IV6 CROSSSECTIONSCROSSSECTION II JJ BELOW THE FILL IS FINE TO

MEDIUM SAND WITH SILT LENSES CLAY IS PRESENT AT DEPTH OF 55

FEET ON THE EAST DROPPING TO 250 FEET ON THE WEST

GROUND WATER FLOW IS COMPLICATED BY FILLED CHANNELSCHANNEL IN THE

NORTH DIVERTING GROUND WATER TO SUBAREA III CHANNEL ON THE WEST

IDE OF SUBAREA IS FILLED WITH SAND SO WESTWARD FLOW TOWARD

THE RIVER IS PROBABLE

SUBAREA VI

THISTHI SUBAREA COVERSCOVER APPROXIMATELY THREE QUARTERSQUARTER OF MILE AND IS

BOUNDED ON THE NORTH BY ORCASORCA STREET SW ON THE WEST BY THE

VALLEY SLOPE ON THE EAST BY FIRST AVENUE SOUTH WEST MARGINAL

WAY AND THE DUWAMISH RIVER ON THE SOUTH THE AREA IS BOUNDED BY

DRAINAGE DIVIDE AT APPROXIMATELY HENDERSON STREET SOUTH WEST

MARGINAL WAY ACTSACT AS DRAINAGE DIVIDE AND NORTH FLOWING STREAM

ENTERSENTER FILLED RIVER BEND

POTENTIAL SOURCESSOURCE OF POLLUTION THE NORTHERN PART OF THISTHI
SUBAREA IS ALMOST COMPLETELY PAVED THE REMAINDER IS PRIMARILY

INDUSTRIAL EXCEPT FOR SOME RESIDENTIAL USE AT THE SOUTHERN END
INFILTRATION IS LOW IN THE NORTH AND LOW TO MODERATE IN THE REST

OF THE AREA POLLUTION SOURCESSOURCE INCLUDE MRI REICHOLD CHEMICAL
SOUTH PARK LANDFILL AND MARALCO ALUMINUM INC POTENTIAL

CONTAMINANTSCONTAMINANT INCLUDE HEAVY METALSMETAL ACIDSACID SOLVENTSSOLVENT AND OTHER

ORGANICS

GEOLOGY FILL CONSISTSCONSIST OF MOSTLY SAND AND SILT AND COVERSCOVER
MOST OF THE SUBAREA SEE FIGURE IV7 CROSSSECTION KKK
MATERIALSMATERIAL BENEATH THE FILL ARE PREDOMINANTLY SAND WITH LAYERSLAYER OF

SILT AND SILTY SAND SILT IS MORE PREVALENT IN THE NORTH WHILE

SAND IS MORE PREVALENT IN THE SOUTH SHALLOW RIDGE OF GLACIAL

SAND AND GRAVEL IS BURIED BENEATH THE SOUTH END OF THE SUBAREA

GROUND WATER FLOW IS TO THE NORTH THEN TO THE RIVER THE

SMALL NORTHFLOWING STREAM MAY BE DISCHARGE POINT FOR GROUND

WATER GROUND WATER FLOW MAY ALSO BE TO THE EAST TOWARD THE

RIVER IN THE SOUTH
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SUBAREA VII

THISTHI SUBAREA COVERSCOVER APPROXIMATELY TWOTHIRDSTWOTHIRD OF SQUARE MILE
WITH ITS NORTHERN BOUNDARY BETWEEN FIDALGO AND FINDLEY STREETSSTREET
SOUTH THE RIVER SERVESSERVE AS THE WEST BOUNDARY AND INTERSTATE AS

THE EAST BOUNDARY THE SOUTHERN BOUNDARY IS NEAR THE

INTERSECTION OF ELLISELLI STREET AND EAST MARGINAL WAY THISTHI SUBAREA

WAS DEVELOPED ON LARGE FILLED MEANDER

POTENTIAL SOURCESSOURCE OF POLLUTION THISTHI SUBAREA IS

PREDOMINANTLY INDUSTRIAL WITH BAND OF DENSE RESIDENTIAL USAGE

ALONG THE EAST SIDE INFILTRATION POTENTIAL IS MODERATE TO LOW
KNOWN POTENTIAL SOURCESSOURCE INCLUDE WASTE PIT AND TWO SMALL DUMPS

GEOLOGY MOST OF THISTHI AREA IS COVERED WITH ABOUT TO 10

FEET OF FILL PREDOMINANTLY SAND AND SILTY SAND EXCEPT IN THE

OLD RIVER MEANDER WHERE THE FILL IS UP TO 35 FEET THICK SEE
FIGURE IV8 CROSSCROS SECTION LL MM BELOW THE FILL IS

APPROXIMATELY 60 FEET OF NATURAL SAND AND SILTY SAND WITH
OCCASIONAL SILT INTERBEDS

GROUND WATER FLOW IS PROBABLY INFLUENCED BY THE FILLED

CHANNEL WHICH DIVERTSDIVERT FLOW TO THE RIVER

SUBAREA VIII

THISTHI SUBAREA COVERSCOVER ABOUT ONE AND TWOTHIRDSTWOTHIRD SQUARE MILESMILE AND IS

BOUNDED ON THE NORTH BY FIRST AVENUE SOUTH THE WEST BOUNDATY IS

WEST MARGINAL WAY THE EAST IS BOUNDED BY THE RIVER AND
HENDERSON STREET SOUTH IS THE SOUTHERN BOUNDARY FILLED OXBOW

UNDERLIESUNDERLIE THISTHI SUBAREA BOTH ENDSEND OF WHICH ARE ON THE DUWAMISH
RIVER

POTENTIAL SOURCESSOURCE OF POLLUTION HEAVY INDUSTRY COVERSCOVER THE

NORTHERN TWOTHIRDSTWOTHIRD OF THE AREA AND INFILTRATION POTENTIAL IS

LOW WHILE RESIDENTIAL LAND USE COVERSCOVER THE SOUTHERN THIRD AND

INFILTRATION POTENTIAL IS MODERATE TO HIGH POTENTIAL SOURCESSOURCE
INCLUDE MALARKY ASPHALT NORTHWEST COOPERAGE CO LIQUID AIR CO
HIGH DUTY ALLOY AND VARIOUSVARIOU PLATING WORKS POTENTIAL
CONTAMINANTSCONTAMINANT ARE EXPECTED TO BE PREDOMINANTLY METALSMETAL AND

SOLVENTS

GEOLOGY MOST OF THE AREA IS COVERED WITH ABOUT TO 15

FEET OF FILL MOSTLY SAND AND SILTY SAND WITH THIN LAYERSLAYER OF

SILT SEE FIGURE IV7 CROSSCROS SECTION KKK THE FILL IS

UNDERLAIN IN PARTSPART BY SILT AND CLAY WHICH APPEARSAPPEAR TO HAVE BEEN
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DEPOSITED IN OLD RIVER CHANNELS SOME SAND AND PEAT OCCURSOCCUR IN

THESE FEATURES FINE TO COARSE BLACK SAND UNDERLIESUNDERLIE MOST OF

THE AREA BEHEATH THE FILL AND CLAY SANDYSILTY GLACIAL
LACUSTRINE DEPOSIT OCCURSOCCUR AT DEPTH OF ABOUT 65 FEET AND
SEDIMENTARY BEDROCK OUTCROPSOUTCROP ON THE SOUTHERN BOUNDARY

GROUND WATER FLOW IS EAST TO THE RIVER AND MAY BE LOCALLY

ALTERED BY THE OXBOW SEEPSSEEP HAVE BEEN OBSERVED IN THE RIVER BANK

AT LOW TIDE PERSONAL COMMUNICATION TOM HUBBARD SOME
SUBSURFACE FLOW TO SUBAREA IV IS LIKELY IN THE NORTHWEST VIA THE

FILLED CHANNEL

SUBAREA IX

THISTHI SUBAREA COVERSCOVER ABOUT ONE AND HALF SQUARE MILESMILE MOST OF

WHICH INCLUDESINCLUDE BOEING FIELD THE WESTERN BOUNDARY IS THE

DUWAMISH RIVER AND THE NORTHERN BOUNDARY IS NEAR ELLISELLI STREET

SOUTH INTERSTATE FORMSFORM THE EAST BOUNDARY AND THE SOUTHERN

BOUNDARY IS NEAR HENDERSON STREET SOUTH LONG BURIED MEANDER

CHANNEL CROSSESCROSSE MUCH OF THE AREA AND IS LINKED TO THE RIVER

POTENTIAL SOURCESSOURCE OF POLLUTION THISTHI SUBAREA IS EXCLUSIVELY

INDUSTRIAL WITH MUCH OF THE AREA COVERED BY CONCRETE
INFILTRATION POTENTIAL IS LOW POTENTIAL SOURCESSOURCE INCLUDE AIR

CO JORGENSON STEEL KENWORTH TRUCK CO ISAACSON STEEL NORTH
COAST CHEMICAL CO BOEING THE GEORGETOWN STEAM PLANT AND

SEVERAL UNIDENTIFIED EPA PHOTO SITES POTENTIAL CONTAMINANTSCONTAMINANT
INCLUDE HEAVY METALSMETAL SOLVENTSSOLVENT AND PCBS

GEOLOGY SANDY FILL IS COMMON TO ABOUT 30 FEET IN THE WEST

PART OF THE SUBAREA WHERE THE OLD CHANNEL WAS FILLED MOST OF

THE REST OF THE AREA IS UNDERLAIN BY THIN FILL FEET WHICH

IN TURN IS UNDERLAIN BY THICK DEPOSIT OF SAND SEE FIGURE IV8
CROSSCROS SECTION LL MM THIN STRATA OF SILTY SAND AND

SANDY SILT ARE PRESENT IN THE NORTH AND SOUTH PARTSPART OF THE AREA

GROUND WATER FLOW IS EXPECTED TO BE GREATLY INFLUENCED BY

THE BURIED CHANNEL MOST GROUND WATER PROBABLY FLOWSFLOW TO THE

CHANNEL AND THEN ALONG IT TO THE RIVER STUDIESSTUDIE AT THE

GEORGETOWN STEAM PLANT SUPPORT THISTHI PATTERN FLOW WEST OF EAST

MARGINAL WAY IS PROBABLY DIRECTLY TOWARD THE RIVER
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SUBAREA

THISTHI SUBAREA COVERSCOVER ABOUT ONE HALF SQUARE SQUARE MILE IT IS
BOUNDED ON THE NORTH BY DRAINAGE DIVIDE NEAR HENDERSON STREET
SOUTH AND THE RIVER ON THE EAST THE VALLEY SLOPE FORMSFORM THE

BOUNDARY ON THE SOUTH AND WEST THE MIDDLE OF THISTHI AREA WAS
WETLAND PRIOR TO DEVELOPMENT

POTENTIAL SOURCESSOURCE OF POLLUTION THISTHI SUBAREA IS COVERED
WITH INDUSTRY EXCEPT FOR SMALL RESIDENTIAL AREA IN THE NORTH
INFILTRATION POTENTIAL IS LOW EXCEPT FOR THE NORH WEST AND

POSSIBLY SOUTHERN MARGINSMARGIN WHERE IT IS MODERATE POTENTIAL
SOURCESSOURCE INCLUDE AB BARREL COMPANY ACE GALVANIZING ADVANCE

ELECTROPLATING DELTA MARINE INDUSTRIESINDUSTRIE SEATTLE CITY LIGHT
DUWAMISH SUBSTATION AND VARIOUSVARIOU OTHER PLATING WORKS POTENTIAL

CONTAMINANTSCONTAMINANT INCLUDE HEAVY METALS OILSOIL GREASE SODIUM

HYDROXIDE PCBSPCB AND SOLVENTS

GEOLOGY FILL IS GENERALLY LESSLES THAN FEET THICK EXCEPT IN

AREASAREA WHERE WETLAND DEPRESSIONSDEPRESSION OR STREAMSSTREAM HAD EXISTED IN THESE

AREASAREA IT IS AS MUCH AS 10 TO 20 FEET THICK BELOW THE FILL ARE

INTERBEDSINTERBED OF ALLUVIAL AND ESTUARINE SAND SILT AND CLAY SEE
FIGURE IV7 CROSSCROS SECTION KKK VERY DENSE GLACIAL SAND
SILT AND GRAVEL UNDERLIE THE NORTHERN AND WESTERN PARTSPART OF THE

AREA WITH BEDROCK AS SHALLOW AS 45 FEET

GROUND WATER FLOW IS GENERALLY TOWARD THE CENTRAL AND EAST

PART OF THE SUBAREA FOLLOWING THE TOPOGRAPHY HIGH RECHARGE AND

UNDERF LOW RATESRATE ARE EXPECTED FROM THE UNDERLYING AND SURROUNDING
COARSE GLACIAL DEPOSITS

SUBAREA XI

THISTHI SUBAREA COVERSCOVER ABOUT ONE SQUARE MILE WITH THE NORTHERN

BOUNDARY NEAR HENDERSON STREET SOUTH AND THE SOUTHERN BOUNDARY
NEAR 116TH STREET SOUTH THE WEST BOUNDARY IS THE RIVER AND THE

EAST BOUNDARY IS INTERSTATE 5 FILLED MEANDER IS BENEATH THE

NORTHERN PART OF THE AREA AND TRIBUTARY VALLEY ENTERSENTER ON THE

EAST SIDE BEDROCK RIDGE SEPARATESSEPARATE THE SOUTHERN THIRD OF THE

AREA

POTENTIAL SOURCESSOURCE OF POLLUTION THISTHI SUBAREA IS PRIMARILY
INDUSTRIAL WITH SOME AGRICULTURAL AND RESIDENTIAL USAGE IN THE

SOUTHEAST BOEING DOMINATESDOMINATE THE NORTHERN PART OF THE AREA AND
THE EAST CENTRAL PART IS UNDEVELOPED LOW INFILTRATION POTENTIAL
IS EXPECTED IN THE WEST AND NORTH WITH MODERATE TO HIGH
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INFILTRATION POTENTIAL IN THE EAST AND SOUTH POTENTIAL SOURCESSOURCE
INCLUDE BOEING AND PREVIOUSPREVIOU PETROLEUM DISTRIBUTOR POTENTIAL

CONTAMINANTSCONTAMINANT INCLUDE PETROLEUM PRODUCTSPRODUCT FERTILIZERSFERTILIZER PESTICIDESPESTICIDE
AND SOLVENTS

GEOLOGY THE FILL IS SANDY AND IS GENERALLY LESSLES THAN

FEET THICK EXCEPT IN THE BURIED CHANNEL WHERE IT IS MORE THAN 25

FEET DEEP BELOW THE FILL IS SAND WITH NUMEROUSNUMEROU CLAY SILT AND

SILTY SAND LENSESLENSE SEE FIGURE IV9 CROSSCROS SECTIONSSECTION NNT AND 00 1530 FOOT THICK CLAYSILT DEPOSIT OCCURSOCCUR FROM DEPTHSDEPTH OF

15 TO 60 FEET IN THE NORTH CENTRAL PART OF THE SUBAREA
SEDIMENTARY BEDROCK OCCURSOCCUR IN THE SOUTHERN AND EASTERN PART OF

THE AREA AND IS PRESENT AT SHALLOW DEPTHSDEPTH UNDER THE ALLUVIUM

GROUND WATER FLOW IS VERY COMPLEX IN THISTHI SUBAREA IN THE

NORTH FLOW IS PROBABLY DIVERTED WEST BY THE FILLED CHANNEL THE

BEDROCK HIGHSHIGH MAY DIVERT FLOW TOWARD THE RIVER THE TRIBUTARY
VALLEY ENTERING ON THE EAST ALONG WITH HIGH RATESRATE OF RUNOFF FROM

THE BEDROCK SLOPESSLOPE OF THE VALLEY WALL INCREASESINCREASE RECHARGE TO THE

SUBSURFACE

SUBAREA XII

THISTHI SUBAREA COVERSCOVER QUARTER SQUARE MILE AND IS BOUNDED ON THE

NORTH EAST AND SOUTH BY THE RIVER THE WEST BOUNDARY IS THE

SLOPE OF THE VALLEY WALL

POTENTIAL SOURCESSOURCE OF POLLUTION THE NORTHWEST THIRD OF THISTHI
SUBAREA IS PAVED WITH LOW INFILTRATION POTENTIAL THE

REMAINDER INCLUDESINCLUDE RADIO TOWERSTOWER DIRT RACE TRACK AND OPEN SPACE

WITH HIGH INFILTRATION POTENTIAL NO SOURCESSOURCE OF POLLUTION HAVE

BEEN IDENTIFIED

GEOLOGY THISTHI SUBAREA IS COVERED WITH ABOUT FEET OF SILTY

SAND AND CLAYEY SOILSSOIL ANDOR FILL SEE FIGURE IV10 CROSSCROS
SECTIONSSECTION PPT QQ BENEATH THE SURFICIAL DEPOSITSDEPOSIT ARE ABOUT

20 FEET OF SAND BEDROCK IS SHALLOW ABOUT 3040 FEET DEEP

GROUND WATER FLOW IS DIRECTLY TOWARD THE RIVER HIGH

RECHARGE RATESRATE ARE EXPECTED FROM UPLAND AQUIFERS

SUBAREA XIII

THISTHI SUBAREA IS BOUNDED ON THE EAST AND WEST BY THE SLOPESSLOPE OF THE

VALLEY WALL THE RIVER AND 116TH STREET SOUTH FROM THE NORTHERN
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BOUNDARY THE SOUTHERN BOUNDARY IS THE SOUTHERN BOUNDARY OF THE

STUDY AREA THE SUBAREA COVERSCOVER ABOUT 16 SQUARE MILESMILE AND IS
DOMINATED BY RIVER MEANDERS

POTENTIAL SOURCESSOURCE OF POLLUTION THE NORTHERN PART OF THISTHI
SUBAREA INCLUDESINCLUDE ALLENTOWN AND IS MOSTLY RESIDENTIAL WITH SOME

INDUSTRY INFILTRATION POTENTIAL MODERATE THE SOUTHERN PART
IS MOSTLY UNDEVELOPED WITH GOLF COURSE AND SMALL RESIDENTIAL
AND INDUSTRIAL AREAS THERE ARE NO KNOWN CONTAMINANT SOURCESSOURCE
WEST OF THE RIVER EAST OF THE RIVER IS THE SEATTLE RENDERING
WORKSWORK AND THE SUNSET DEMOLITION LANDFILL ALLENTOWN AND MOST
LIKELY THE SMALL RESIDENTIAL AND INDUSTRIAL AREASAREA ARE NOT

CONNECTED TO SEWERS POTENTIAL CONTAMINANTSCONTAMINANT INCLUDE SEPTIC TANK

DRAINAGE NITRATESNITRATE CHLORIDESCHLORIDE ETC UNKNOWN TANKED WASTESWASTE
POSSIBLE HEAVY METALSMETAL AND SOLVENTS

GEOLOGY SEDIMENTARY AND INTRUSIVE BEDROCK OUTCROP IN

SEVERAL AREASAREA ALONG THE MARGINSMARGIN OF THISTHI SUBAREA AND GLACIAL TILL

AND OUTWASH ARE WELL EXPOSED IN THE VALLEY WALLS SURFICIAL

DEPOSITSDEPOSIT INCLUDE SILTY SAND SILT CLAY AND PEAT TO DEPTHSDEPTH OF 11

FEET SEE FIGURE IV11 CROSSCROS SECTIONSSECTION RR AND SS BELOW

THE SURFICIAL MATERIALSMATERIAL IS BLACK SAND TO DEPTHSDEPTH GREATER THAN 20

FEET BEDROCK PROBABLY UNDERLIESUNDERLIE THE SAND

GROUND WATER GROUND WATER FLOW IN MOST OF THE AREA IS TO

THE RIVER
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SECTION

MONITORING STRATEGY

THISTHI SECTION PRESENTSPRESENT OUR METHODOLOGY IN DESIGNING MONITORING
ALTERNATIVESALTERNATIVE AND RECOMMENDED PROGRAM FOR IMPLEMENTATION

MONITORING GOALSGOAL

THE GOALSGOAL AND OBJECTIVESOBJECTIVE OF MONITORING PROGRAM GOVERN BOTH THE

DESIGN AND IMPLEMENTATION OF MONITORING PROGRAM THE GOAL OF

THE MONITORING PROGRAM FOR THE DUWAMISH RIVER VALLEY IS TO
DETERMINE CONTAMINANT CONTRIBUTION TO THE DUWAMISH RIVER DUE TO

GROUND WATER INFLOW

THE BASIN WAS SUBDIVIDED FIRST INTO UPLAND AND VALLEY FLOOR

AREASAREA IN PART TO FOCUSFOCU ON THAT PORTION OF THE BASIN WITH THE

HIGHEST POLLUTION POTENTIAL BASED ON THE AVAILABLE DATA IT IS

CLEAR THAT THE VALLEY FLOOR DUE TO THE DENSITY OF INDUSTRIAL

DEVELOPMENT HAS THE HIGHER POTENTIAL FOR CONTAMINATION THE

VALLEY FLOOR WAS FURTHER DIVIDED INTO 13 SUBAREASSUBAREA IN ORDER TO

IDENTIFY PARTSPART OF THE VALLEY FLOOR WHICH MIGHT POSSESSPOSSES HIGHER

POLLUTION POTENTIAL THE NORTHERN HALF OF THE VALLEY FLOOR

APPEARSAPPEAR TO HAVE THE HIGHEST POTENTIAL FOR POLLUTION SPECIFICALLY

SUBAREASSUBAREA IILL VIII IX AND XI

THE DIRECT COST FOR IMPLEMENTING MONITORING PROGRAM IS HEAVILY

INFLUENCED BY THE NUMBER OF POLLUTANT SOURCESSOURCE TYPESTYPE OF

POLLUTANTSPOLLUTANT THE LACK OF DATA AND THE HYDROGEOLOGY OF THE STUDY

AREA

MONITORING PROGRAM DEVELOPMENT

THE MONITORING STRATEGY FOR THE DUWAMISH RIVER BASIN ADDRESSESADDRESSE

WHERE TO MONITOR
WHAT TO MONITOR
WHEN TO MONITOR
HOW TO MONITOR AND

COST OF MONITORING

THREE ALTERNATIVE MONITORING PROGRAMSPROGRAM HAVE BEEN DEVELOPED

ADDRESSING EACH OF THE ABOVE DUE TO DATA NEEDSNEED COMMON TO ANY

MONITORING PROGRAM WHAT WHEN AND HOW TO MONITOR ARE THE SAME FOR
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EACH ALTERNATIVE ONLY WHERE AND THE COST ARE SUBSTANTIALLY
DIFFERENT FOR THE THREE ALTERNATIVES

WHERE TO MONITOR

GROUND WATER AND CONTAMINANT FLOW OCCUR WITHIN THREE

DIMENSIONAL SYSTEM AND THEREFORE MONITORING LOCATIONSLOCATION MUST BE

DEFINED BOTH AREALLY SITE LOCATION AND WITH DEPTH AQUIFER
LOCATIONS

SITE LOCATIONS PROPER MONITORING SITE LOCATIONSLOCATION ARE

CRITICAL TO ACHIEVING THE GOALSGOAL OF THE MONITORING PROGAM
UNFORTUNATELY WHEN SUFFICIENT DATA ARE LACKING SUBSTANTIAL

AMOUNT OF TIME AND MONEY ARE AT RISK REGARDLESSREGARDLES OF THE APPROACH
USED IN SELECTING SITE LOCATIONS IN ORDER TO RECOMMEND COST

EFFECTIVE MONITORING PROGRAM WE HAVE EVALUATED THE FOLLOWING SITE

LOCATION ALTERNATIVESALTERNATIVE

ALTERNATIVE GRID

ALTERNATIVE POINT SOURCE

ALTERNATIVE CROSSCROS CHANNEL

EACH ALTERNATIVE HAS ADVANTAGESADVANTAGE AND DISADVANTAGESDISADVANTAGE WITH RESPECT TO

ACHIEVING THE MONITORING GOAL

ALTERNATIVE GRIDTHE MOST COMPREHENSIVE AND RISK FREE

APPROACH TO ACHIEVING THE MONITORING GOAL IS TO EMPLOY GRID

SYSTEM WHICH COVERSCOVER THE ENTIRE VALLEY FLOOR GRID SPACING

GOVERNSGOVERN THE NUMBER AND LOCATION OF MONITORING WELLS NUMBER OF

APPROACHESAPPROACHE MOSTLY ARBITRARY CAN BE USED TO ESTABLISH GRID

SPACING THE APPROACH WE EMPLOYED WAS BASED ON AN ESTIMATE OF

GROUND WATER FLOW VELOCITIESVELOCITIE AND HYDRODYNAMIC DISPERSION
CALCULATED TO HAVE ACCRUED SINCE INDUSTRIAL DEVELOPMENT OCCURRED

IN THE BASIN TWO DOMINANT PARAMETERSPARAMETER WERE CONSIDERED GROUND
WATER FLOW RATE AND THE MEDIAN TIME PERIOD OF POTENTIAL
INTRODUCTION OF CONTAMINANTS

GROUND WATER FLOW RATE WAS CALCULATED USING DARCYSDARCY LAW WHERE

KI

VELOCITY OF FLOW IN FEETDAY
COEFFICIENT OF PERMEABILITY

HYDRAULIC GRADIENT
EFFECTIVE POROSITY
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PARAMETER VALUESVALUE ARE FOR SILTY SAND WHICH IS THE MOST COMMON
MATERIAL TYPE IDENTIFIED THROUGHOUT THE STUDY AREA PERMEABILITY
WA EITINAED IT 10 FEETDAY SED ON OUR EXPERIENCE WITH SIMILAR
MATERIALSMATERIAL AND DATA DEVELOPED BY BURMEISTER J954L8

POROSITY FOR SILTY SAND WAS ASSUMED TO BE 35 PERCENT AN AVERAGE

HYDRAULIC GRADIENT OF 002 WAS USED BASED ON AN EVALUATION OF

GROUND WATER STUDIESSTUDIE AT CHEMPRO AND BOEINGISAACSON192 CHEMPRO
IS ON THE MARGINSMARGIN OF THE VALLEY FLOOR AND THE BOEINGISAACSON
DATA IS FROM WELLSWELL ABOUT 600 FEET EAST OF THE RIVER OUTSIDE OF

TIDAL ANFLUENCE THE ESTJATED GRONTD WATER VELOCITY THEREFORE

HEAVY INDUSTRIAL DEVELOPMENT BEGAN AFTER COMPLETION OF THE

PRIMARY PLACEMENT OF FILL ABOUT 1915 REFER TO APPENDIX 0
THEREFORE 1950 OR 35 YEARSYEAR AGO IS CONSIDERED THE MEDIAN TIME

PERIOD OF POTENTIAL INTRODUCTION OF CONTAMINANTS USING THISTHI
APPROACH THE DISTANCE FOR CONTAMINANT MOVEMENT DUE TO GROUND
WATER FLOW IS ASSUMED TO BE 735 FEET THISTHI ANALYSISANALYSI IGNORESIGNORE
TIDL EFFECTSEFFECT ON THE AQUIFER WHICH MAY ALTER NET RATESRATE OF

CONTAMINANT MOVEMENT

ALLOWING FOR DIFFUSION GRID SPACING WAS CONSERVATIVELY CHOSEN

OF ROUGHLY TWICE THE ESTIMATED DISTANCE OF CONTAMINANT MOVEMENT
1500 FOOT GRID SPACING WOULD PROVIDE FOR 151 MONITORING WELL

SITES IN ADDITION 16 SITESSITE WOULD BE LOCATED IN THE UPLAND
AREASAREA BASED ON ACCESSACCES GEOLOGY AND PROBABLE FLOW DIRECTIONS
TOTAL NUMBER OF WELLSWELL REQUIRED FOR ALTERNATIVE WOULD BE 67
SIX RIVER GAUGESGAUGE AND 12 CONTINUOUSCONTINUOU WATER LEVEL RECORDERSRECORDER WOULD

ALSO BE REQUIRED

THE ADVANTAGESADVANTAGE OF ALTERNATIVE MONITORING WOULD BE COMPLETE
COVERAGE OF THE VALLEY FLOOR PROVIDING AMPLE WATER LEVEL AND

WATER QUALITY DATA TO CHARACTERIZE HYDROGEOLOGIC CONDITIONSCONDITION AND

DETERMINE CONTAMINANT INFLOW TO THE RIVER

THE MAJOR DISADVANTAGESDISADVANTAGE OF AN ALTERNATIVE PROGRAM WOULD BE ITS

COST AND THE DIFFICULTY OF LOCATING MANY MONITORING WELLSWELL ON

PRIVATE PROPERTY

ALTERNATIVE POINT SOURCE LOCATIONSA POINT SOURCE

MONITORING PROGRAM WOULD SITE WELLSWELL UPGRADIENT AND DOWNGRADIENT

OF POTENTIAL SOURCESSOURCE OF POLLUTION AS IDENTIFIED IN TABLE 1111
POTENTIAL SOURCESSOURCE OF POLLUTION FIGURE VI ALTERNATIVE
POINT SOURCE MONITORING LOCATIONSLOCATION SHOWSSHOW THE APPROXIMATE LOCATION

OF MONITORING WELL SITES PROBABLE DIRECTION OF GROUND WATER

FLOW AND ZONESZONE OF PREFERENTIAL FLOW CHANNELSCHANNEL ETC WERE USED IN
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POSITIONING THE WELL SITE LOCATIONS WHERE POSSIBLE WELL SITESSITE
WERE LOCATED ON PUBLIC RIGHT OF WAY AND PLACED UP AND

DOWNGRADIENT OF THE POTENTIAL SOURCE POTENTIAL SOURCESSOURCE WHERE

MONITORING PROGRAMSPROGRAM ARE IN PLACE IE CHEMPRO BOEINGISSACSON
TERMINAL 105 ETC HAVE NOT BEEN INCLUDED DATA TRANSFER SHOULD

BE INITIATED IN THESE CASES TOTAL OF 112 MONITORING WELLSWELL ARE

REQUIRED UNDER ALTERNATIVE ALONG WITH RIVER GAUGESGAUGE AND

CONTINUOUSCONTINUOU WATER LEVEL RECORDERS

THE ADVANTAGESADVANTAGE OF USING ALTERNATIVE WOULD BE TO REDUCE COSTSCOST BY

FOCUSING ON THE MOST LIKELY AREASAREA OF GROUND WATER CONTAMINATION

IF THE ENTIRE SYSTEM IS EMPLOYED SUFFICIENT DENSITY OF WELLSWELL
WOULD ALLOW CHARACTERIZATION OF THE GROUND WATER FLOW SYSTEM IN

ORDER TO ESTIMATE GROUND WATER CONTAMINATIOZII CONTRIBUTION TO THE

RIVER

THE DISADVANTAGESDISADVANTAGE OF POINT SOURCE APPROACH WOULD BE ITS HIGH

COST THE INABILITY TO ACCOUNT FOR NONPOINT OR IDENTIFY OTHER

POINT SOURCESSOURCE OF CONTAMINATION AND THE RISK AND UNNECESSARY

EXPENSE OF INSTALLING MONITORING WELLSWELL AROUND SITESSITE WHICH MAY BE

POTENTIAL SOURCESSOURCE BUT IN FACT ARE NOT SOURCESSOURCE OF CONTAMINANTS

IN ADDITION SYSTEM OF THISTHI TYPE WOULD PROVIDE LITTLE

FLEXIBILITY WITH RESPECT TO IMPLEMENTATION WITHOUT THE DENSITY

AND DATA OF THE ENTIRE SYSTEM INSTALLED AT SINGLE TIME THERE

WOULD BE INSUFFICIENT DATA TO ESTIMATE GROUND WATER INFLOW TO THE

RIVER

ALTERNATIVE CROSSCROS CHANNELTHISCHANNELTHI MONITORING APPROACH
FOCUSESFOCUSE ON DEFINING THE GROUND WATER FLOW CHARACTERISTICSCHARACTERISTIC OF THE

BASIN AND THE ASSUMPTION THAT GROUND WATER POLLUTION INCREASESINCREASE
DOWNSTREAM SIX CROSSCROS CHANNEL PERPENDICULAR TO RIVER FLOW
SECTIONSSECTION HAVE BEEN ESTABLISHED BASED ON THE HYDROGEOLOGY AND

INDUSTRIAL DEVELOPMENT AS DEFINED BY SUBAREA DIVISION SEE FIGURE

V2 CROSSCROS CHANNEL MONITORING LOCATIONS IN ADDITION WELLSWELL
HAVE BEEN ALIGNED PARALLEL TO THE RIVER IN LOCATIONSLOCATION OF

PREFERENTIAL SUBSURFACE FLOW AS IN ALTERNATIVE 16 UPLAND

WELLSWELL HAVE BEEN INCLUDED IN THISTHI APPROACH TWO CONTINUOUSCONTINUOU WATER

LEVEL RECORDERSRECORDER PER CROSSCROS CHANNEL SECTION ONE IN WELL AND THE

OTHER IN THE RIVER ARE INCLUDED IN THE DESIGN TO ESTABLISH THE

INFLUENCE OF RIVER LEVELSLEVEL PARTICULARLY TIDAL ON GROUND WATER

LEVELS ALL WELL LOCATIONSLOCATION ARE IN PUBLIC RIGHT OF WAY EXCEPT

WHERE NOTED TOTAL OF 69 MONITORING SITESSITE ARE REQUIRED FOR

THISTHI PROGRAM

THE ADVANTAGESADVANTAGE OF THISTHI ALTERNATIVE ARE SUBSTANTIALLY LOWER COST

THE ABILITY TO ACCOUNT FOR BASIN WIDE CONTAMINATION BOTH POINT

SOURCE AND NONPOINT SOURCE SUFFICIENT COVERAGE TO DETERMINE
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GROUND WATER INFLOW TO THE RIVER AND CONSIDERABLE AMOUNT OF

FLEXIBILITY WITH RESPECT TO PHASING IMPLEMENTATION SEVERAL

OF THE MONITORING WELLSWELL INSTALLED FOR THE RENTON EFFLUENT
TRANSFER SYSTEM COULD BE EMPLOYED AS PART OF THISTHI PROGRAM
REDUCING THE TOTAL COST THE MAJOR DISADVANTAGE OF THISTHI
ALTERNATIVE WOULD BE THE INABILITY TO IDENTIFY SPECIFIC SOURCESSOURCE
OF CONTAMINATION

PREFERRED ALTERNATIVEBASED ON OUR KNOWLEDGE OF THE STUDY

AREA AND EXPERIENCE IN MONITORING PROGRAMSPROGRAM WE PREFER ALTERNATIVE

CROSSCROS CHANNEL MONITORING BECAUSE OF THE LOWER COST AND THE

FLEXIBILITY AFFORDED BY THISTHI ALTERNATIVE PHASED PROGRAM OF

IMPLEMENTATION WOULD REDUCE INITIAL COSTSCOST EVEN FURTHER AND ALLOW

OPTIONSOPTION NEITHER OF THE OTHER ALTERNATIVESALTERNATIVE WOULD ALLOW
MONITORING LOCATIONSLOCATION FOR THE FIRST PHASE INSTALLATION ARE SHOWN

ON FIGURE V3 PREFERRED ALTERNATIVE MONITORING LOCATIONSLOCATION
PHASE I

THISTHI APPROACH BREAKSBREAK UP THE VALLEY FLOOR INTO FOUR MAJOR
SUBDIVISIONSSUBDIVISION BASED ON LAND USE AND HYDROGEOLOGY GROUND WATER

FLOW SYSTEM AND WATER QUALITY DATA DEVELOPED DURING THE FIRST ONE

OR TWO YEARSYEAR OF MONITORING COULD BE EVALUATED AND BASED ON THISTHI
DATA RESOURCESRESOURCE COULD BE FOCUSED IN LATER PHASESPHASE ON THE BASIN

SECTION WHERE GROUND WATER CONTAMINATION APPEARSAPPEAR MOST PREVALENT

UPLAND MONITORING WOULD BE POSTPONED UNTIL LATER PHASESPHASE WHEN AND

IF THE UPLAND DATA WAS CONSIDERED NECESSARY TO ACHIEVE THE

PROJECT GOALS IN ADDITION SUBSEQUENT PHASESPHASE OF THE CROSSCROS
CHANNEL MONITORING COULD BE AUGMENTED WITH SELECTED POINT SOURCE

MONITORING AS DATA WARRANTS PHASING WOULD ALSO ALLOW LOCATION

OF ADDITIONAL MONITORING WELLSWELL USING MORE COMPLETE DATA BASE

AND THEREBY REDUCE THE RISK OF INSTALLING UNNECESSARY MONITORING

WELLS

AQUIFER LOCATIONS IN GENERAL MONITORING OF THE UPPERMOST

OR FIRST AQUIFER BELOW THE SURFACE IS PREFERABLE FOR IDENTIFYING

GROUND WATER CONTAMINATION HOWEVER IN ORDER TO ADEQUATELY
CHARACTERIZE GROUND WATER FLOW IN THE BASIN AND SUBSEQUENTLY
INFLOW TO THE RIVER IT MAY BE NECESSARY TO MONITOR DEEPER
AQUIFERSAQUIFER IN LATER PHASESPHASE IF WARRANTED DIFFERENCESDIFFERENCE IN

HYDROSTATIC PRESSURESPRESSURE WITH DEPTH WILL ALLOW DETERMINATION OF

RECHARGEDISCHARGE CONDITIONSCONDITION AND THE CONSTRUCTION OF GROUND
WATER FLOW PATHSPATH TO OR AWAY FROM THE RIVER THEREFORE IT IS

RECOMMENDED THAT ALL OF THE MONITORING ALTERNATIVESALTERNATIVE BE PHASED TO

INCLUDE FACILITIESFACILITIE FOR MONITORING BOTH SHALLOW AND DEEP GROUND

WATER CONDITIONS MONITORING OF DEEPER ZONESZONE MAY BE NECESSARY TO

EVALUATE THE ATTENUATION AND CONCENTRATION OF POLLUTANTSPOLLUTANT WHICH

MIGHT BE VERTICALLY MOBILE
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WHAT AND WHEN TO MONITOR

IT WILL BE NCESSARY TO COLLECT AND EVALUATE SUBSTANTIAL AMOUNT
OF HYDROLOGY DATA BEFORE MEANINGFUL DETERMINATION OF GROUND
WATERESTUARINE FLOW SYSTEM CAN BE DEFINED THE PRINCIPAL DATA

REQUIRED INCLUDE WATER LEVEL DATA WATER QUALITY DATA AND

SEDIMENT DATA

WATER LEVEL DATA WATER LEVEL DATA ARE CRITICAL IN

DETERMINING THE DIRECTION AND RATE OF GROUND WATER FLOW DUTC
THE LOW ELEVATTON OF MOST OF THE PROJECT ATREA AND THE ANFLTZETTCE

OF FLIRW3LTERY ACCURATE TWITHIA TFLTH OF A FOOT
WATER 1E1 MEASUREITTNTSMEASUREITTNT WILL BE REQUIREDTRTWHDATA IS TO BE
MANZFUL ELEVATIONSELEVATION FOR MEASURING POINTSPOINT AT EACH FACILITY
WILL HAVE TO BE SURVEYED AND TIED TO COMJON 4IT WATER

LEVELSLEVEL SHOULD BE MEASURED QUARTERLY IN ADDITION CONTINUOUSCONTINUOU
WATER LEVEL MONITORING AT SELECTED LOCATIONSLOCATION SHOULD ALSO BE

PERFORMED

WATER QUALITY TESTING THE WATER QUALITY PARAMETERSPARAMETER
SELECTED FOR MONITORING SIGNIFICANTLY INFLUENCE THE COST OF

IMPLEMENTING AND MAINTAINING MONITORING PROGRAM SAMPLING

PARAMETERSPARAMETER SHOULD BE BASED ON THE TYPESTYPE OF WASTE WHICH ARE COMMON

TO THE POTENTIAL SOURCESSOURCE OF POLLUTION IN THE STUDY AREA BELOW

WE LIST THE POTENTIAL CONTAMINANTSCONTAMINANT CHARACTERIZED IN SECTION IV

FOR THE STUDY AREA

WOOD PRESERVATIVESPRESERVATIVE PETROLEUM PRODUCTSPRODUCT
PCB5 FLUE DUST

HEAVY METALSMETAL HIGH PH

CYANIDE ACIDSACID
ARSENIC SPECIESSPECIE CALCIUM CARBONATE

METHANE SODIUM HYDROXIDE

SOLVENTSSOLVENT FERTILIZERSFERTILIZER

ACID AND BASE NEUTRAL ORGANICSORGANIC GREASESGREASE
PESTICIDESPESTICIDE OTHER ORGANICSORGANIC

PICKLING LIQUORSLIQUOR UNKNOWN CONTAMINANTSCONTAMINANT

NITRATESNITRATE
CHLORIDESCHLORIDE

UNFORTUNATELY THISTHI LIST IS INCOMPLETE CONSIDERING THE NUMBER AND

TYPE OF INDUSTRIESINDUSTRIE IN THE STUDY AREA THEREFORE WE HAVE LIMITED

MONITORING PARAMETERSPARAMETER TO TWO CLASSESCLASSE FOR THE FIRST TWO YEARSYEAR OF

MONITORING
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CLASSCLAS INDICATOR PARAMETERSTHISPARAMETERSTHI CONSISTSCONSIST OF THE MINIMUM

LEVEL OF SAMPLING AND TESTING TO ADEQUATELY CHARACTERIZE GENERAL

WATER QUALITY CONDITIONSCONDITION IN THE BASIN AND DETECT CHANGESCHANGE IN THE

ENVIRONMENT WHICH MIGHT BE EXPECTED FROM UNCONTROLLED WASTE

DISCHARGESDISCHARGE SEE TABLE VI CLASSCLAS INDICATOR PARAMETERS

TABLE VI

CLASSCLAS INDICATOR PARAMETERSPARAMETER

PARAMETER TESTING

TEMPERATURE FIELD

CONDUCTIVITY FIELD AND LABORATORY

PH FIELD AND LABORATORY

NITRATE LABORATORY

CHLORIDE LABORATORY

SULPHATE LABORATORY

TOC TOTAL ORGANIC CARBON LABORATORY

TOX TOTAL NALOGENATED HYDROCARBONSHYDROCARBON LABORATORY

CADMIUM LABORATORY

COPPER LABORATORY

CHROMIUM LABORATORY

NICKEL LABORATORY

LEAD LABORATORY

ZINC LABORATORY

ARSENIC LABORATORY

MERCURY LABORATORY

FREQUENCY QUARTERLY FOR FIRST TWO YEARSYEAR SEMIANNUALLY
THEREAFTER

ITT ORDER TO ESTABLISH STATISTICALLY CREDIBLE DATA BASE

QUADRUPLICATE SAMPLING AND TESTING SHOULD BE PERFORMED THE FIRST

YEAR ON ALL CLASSCLAS INDICATOR PARAMETERS

CLASSCLAS II PRIORITY POLLUTANTSPOLLUTANT AS LISTED IN CFR 14016
REGULATION OF HAZARDOUSHAZARDOU SUBSTANCES2 SEE TABLE V2 PRIORITY

POLLUTANT PARAMETERS THESE CONSTITUENTSCONSTITUENT ARE RECOMMENDED

BECAUSE OF THE WIDE RANGE OF POTENTIAL CONTAMINANTSCONTAMINANT PRESENT IN

THE BASIN ALL WELLSWELL SHOULD BE TESTED ONCE IN THE FIRST YEAR
BUT 25 PERCENT ARE ESTIMATED TO REQUIRE SAMPLING IN THE SECOND

YEAR

AT THE END OF THE FIRST AND SECOND YEAR OF MONITORING THE WATER

QUALITY DATA SHOULD BE EVALUATED AND BOTH CLASSESCLASSE OF MONITORING
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TABLE V2

CLASSCLAS PRIORIN POLLUTANT PARAML7ERSPARAML7ER

ORGAN ICS

METALSMETAL VOLATILE CCIPOUNDSCCIPOUND BASEINEITTRAL COMPOUNDSCOMPOUND ACID CCNPOTNMSCCNPOTNM PESTICIDESPESTICIDE DIOXIN GENERAL

ANTIMONY ACROLEIN ACENAPHTHENE 2CHLOROPHENOL AIDRIN 2378TETRACHLORO ASBESTOSASBESTO
ARSENIC ACRYLONITRILE ACENAPHTHYLENE 24DICHLOROPHENOL ABHC DIBENZOPDIOXIN CYANIDE
BERYLLIUM BENZENE ANTHRACENE 24DIAETHYLPHENOL BBRC PHENOLSPHENOL TOTAL

CADMIUM RROMODICHLOROMETHANE BENZIDINE 46DINITRO 2METHYLPHENOL DEBC
CHROMIUM BROMOMETHANE BENZOAANTHRACENE 24DINITROPHENOL GBBCLINDANE
COPPER BROMOFORM BENZOAPYRENE 2IJITROPHENOL CHIORDANE

LEAD CARBON TETRACHLORIDE BENZOBFLUORANTHENE 4NITROPHENOL 44DDD
MERCURY CHLOROBENZENE BENZOGHIPERYLENE 4CHLORO3METHYLPHENO 44 DDE
NICKEL CHIOROETHANE BENZOKFLUORANTHENE PENTSCHLOROPHENOL 44 DDT
SELENIUM 2CHLOROETHYLVIMYL ETHER BIS2CHLOROETHOXYMETH PHENOL DIELDRIM

SILVER CHLOROFORM EIS2CHLOROETHYLETHER 246TRICHLOROPHENOL ENDOSULFAN

THALLIUM CHIOROMETHANE BIS2CHLOROISOPROPYLE ENDOSULFAN II

ZINC DIBROSOCHLOROMETHANE BIS2ETHYLHEXYLPHTHAL ENDOSULFAN SULFATE

LLDICHLOROETHSNE 4BROMOPHENYL PHENYL ETHER ENDRIN

L2DICHLOROETHANE BUTYL BENZYL PHTHALATE ENDRIN ALDEHYDE
LDICHLORCETHENE 2CHLORONAPHTHALENE HEPTACHLOR

TRANSL 2DICHIOROETHENE 4CHIOROPHENYL PHENYL ETHER HEPTACHLOREPOZIDE
2DICHLOROPROPANE CHRYSENE PCBLOL6

CIS1 3DICHLOROPROPENE DIBENZOAHANTHRACENE PCBL221
TRANSL 3DICHLOROPROPENE 2DICHLOROBENZENE PCBL232

ETHYLBENZENE 3DICHLOROBENZENE P081242

METHYLENE CHLORIDE L4DICHLOROBENZENE P081248

11 22TETRACHLOROETHANE 33DICHLOROBENZIDINE POB1254
TETRACHLOROETHENE POE DIETHYL PHTHALATE PCB1260

TOLUENE D2METHYL PHTHALATE TOXAPHENE
11 ITRICHLOROETHANE DINBUTYL PHTHALATE
11 2TRICHLOROETHANE 24DINITROTOLUENE
TRICHLOROETHENE TOE 26DINITROTOLUENE

VINYL CHLORIDE DINOCTYL PHTHALATE

2DIPHENYLHYDRAZINE
PLUORANTHENE

YLUORENE

RE XAC HL OR BENZE

HEXACHLOROBUTADIENE

HEXACHLOROCYCLOPENTA
NEXACHLOROETHSNE

INDENO 123CDPYRENE
ISOPHORONE

NAPHTHALENE
NITROBENZENE

NNITROSODIMETHYLAMIN

RNITROSODIPROPYLAMIN

NNITROSODIPHENYLAMIN

PHENENTHRENE

PYRENE

24TRICHLOROBENZENE
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PARAMETERSPARAMETER MODIFIED AS APPROPRIATE TO FOCUSFOCU ON IDENTIFIED GROUND

WATER CONTAMINANTSCONTAMINANT AND REDUCE COSTS

SEDIMENT TESTING IN ORDER TO DETERMINE INFLOW TO THE RIVER
BETTER UNDERSTANDING OF THE HYDRAULIC CONDUCTIVITY

PERMEABILITY OF THE SATURATED ZONE IS REQUIRED PERMEABILITY

ESTIMATESESTIMATE CAN BE MADE FROM GRAIN SIZE DATA DURING MONITORING
WELL DRILLING THE FIRST FEET OF SATURATED SEDIMENT SHOULD BE

SAMPLED CONTINUOUSLY WITH ADDITIONAL SAMPLESSAMPLE TAKEN AT 5FOOT
INTERVALS SELECTED SEDIMENT SAMPLESSAMPLE SHOULD THEN BE ANALYZED FOR

GRAIN SIZE DISTRIBUTION SIEVE ANDOR HYDROMETER THE AQUIFER

PERMEABILITY ESTIMATESESTIMATE RESULTING FROM GRAIN SIZE ANALYSISANALYSI MAY
INDICATE THAT SHORT TERM 26 HOURSHOUR PUMP TESTSTEST AND OR DRUM
INFILTROMETER FIELD TESTSTEST ARE WARRANTED IN SOME WELLS

SOIL SAMPLESSAMPLE OBTAINED DURING DRILLING SHOULD BE SCREENED USING

PHOTOIONIZATION FOR VOLATILE ORGANICS THE FIELD SCREEN WILL
INDICATE IF GAS CHROMATOGRAPH TESTING FOR COMPOUND IDENTIFICATION

IS WARRANTED SOIL SAMPLESSAMPLE SHOULD BE SPLIT AND PORTION HELD

FOR LATER INORGANICSINORGANIC ANALYSISANALYSI IF NEEDED

SALINE GROUND WATER EFFECTSEFFECT

TO EVALUATE CONTAMINANT TRANSPORT ACROSSACROS THE SUBSURFACE

SALINEFRESH GROUND WATER INTERFACE SERIESSERIE OF SHALLOW

MONITORING WELLSWELL SHOULD BE INSTALLED AT SITE WITH CONTAMINANT

PLUME CONTAINING BOTH DISSOLVED INORGANIC AND ORGANIC
CONSTITUENTS TRACERSTRACER AND SPIKING WITH WIDE VARIETY OF

PARAMETERSPARAMETER WILL BE REQUIRED TO DETERMINE WHICH CONTAMINANTSCONTAMINANT ARE

MOBILIZED BY THE SALINE WATERSWATER AND WHICH ARE DEMOBILIZED

CHANGESCHANGE IN GROUND WATER QUALITY AS THE CONTAMINANTSCONTAMINANT CROSSCROS THE

INTERFACE WOULD BE DETERMINED BY SAMPLING THE WELLSWELL AND

STATISTICALLY COMPARING THE WATER QUALITY ON EACH SIDE OF THE

INTERFACE

BECAUSE THE INTERFACE IS PRESENT NEAR SHORE AREASAREA IN THE ESTUARY
THE SAME MONITORING SYSTEM WOULD BE USED TO EVALUATE THE EFFECT

OF TIDE INDUCED CHANGESCHANGE IN GROUND WATER FLOW DIRECTION ON NET

CONTAMINANT TRANSPORT

FURTHER REGIONAL STUDY OF GROUND WATER CONTAMINANT LOADING TO THE

ESTUARY MUST INCLUDE SUCH AN INVESTIGATION BECAUSE THE

SALINEFRESH WATER INTERFACE IS BELIEVED TO BE PRESENT AT VARYING

DISTANCESDISTANCE FROM THE RIVER BANK THROUGHOUT THE INDUSTRIALIZED

PORTION OF THE BASIN THE DESIGN AND EFFECTIVENESSEFFECTIVENES OF REMEDIAL
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ACTIONSACTION IMPLEMENTED TO CLEAN UP GROUND WATER SHOULD ACCOUNT FOR

THE INTERFACE EFFECT ON CONTAMINANT TRANSPORT

SINCE SIMILAR INTERFACE OCCURSOCCUR IN INDUSTRIALIZED ESTUARIESESTUARIE
NATIONWIDE SUCH APPLIED RESEARCH SHOULD BE GRANT ELIGIBLE

THROUGH THE US GEOLOGICAL SURVEY OR EPA

HOW TO MONITOR

MONITORING GROUND WATER REQUIRESREQUIRE SOPHISTICATED FACILITIESFACILITIE
EQUIPMENT AND PROCEDURES

FACILITIES ACCESSACCES TO THE GROUND WATER SYSTEM IS VIA WELLS

SPECIALLY CONSTRUCTED MONITORING WELLSWELL PROVIDE FOR ACCURATE WATER

LEVEL MEASUREMENTSMEASUREMENT COLLECTION OF REPRESENTATIVE WATER SAMPLESSAMPLE
AND QUALITY ASSURANCEQUALITY CONTROL ONLY THROUGH THE USE OF

PROPERLY INSTALLED MONITORING WELLSWELL CAN WE BE ASSURED OF WHAT

AQUIFER IS BEING MONITORED AND IF THAT AQUIFER IS EFFECTIVELY
ISOLATED

PROPER INSTALLATION OF SPECIALLY CONSTRUCTED MONITORING WELLSWELL

REQUIRESREQUIRE THE USE OF EXPERIENCED PERSONNEL PROPER EQUIPMENT
MATERIALSMATERIAL AND PROCEDURES FOR THE DUWAMISH BASIN TWO TYPESTYPE OF

WELLSWELL ARE REQUIRED SINGLE COMPLETION AND MULTIPLE COMPLETION

SEE FIGURE V4 SINGLE DOUBLE COMPLETION MONITORING WELLS

THE MONITORING WELLSWELL SHOULD BE DRILLED USING AN AIR ROTARY DRILL

RIG WITH CASING DRIVER OR HOLLOW STEM AUGER FOR AIR ROTARY

DRILLING IN UPLAND AND BEDROCK AREASAREA MINIMUM 6 TO 8INCH
DIAMETER HOLE WOULD BE DRILLED WHILE SIMULTANEOUSLY ADVANCING

MINIMUM 6 TO 8INCH DIAMETER STEEL CASING SINGLE COMPLETION IS

6INCHES6INCHE DOUBLE COMPLETION IS 812 INCHES THE DEPTHSDEPTH OF THE

BORINGSBORING WILL RANGE FROM 40120 FEET

THE SHALLOW WELLSWELL DRILLED IN VALLEY FLOOR MATERIALSMATERIAL WOULD BE

DRILLED WITH 6INCH INSIDE DIAMETER HOLLOW STERN AUGER ROTARY

WASH CAPABILITY WILL BE REQUIRED IN MANY AREASAREA WHERE LOOSE SAND

AND SILTY SAND IS PRESENT THE DEPTHSDEPTH OF THE BORINGSBORING WILL RANGE

FROM 20 TO 60 FEET ACCESSACCES SUFFICIENT TO ACCOMODATE 40 FOOT LONG

RIGSRIG DRILL RIG AND PIPE TRUCK IS NECESSARY ACCESSACCES TO WATER

FOR DRILLING WILL BE NECESSARY

UPON COMPLETION OF DRILLING 2INCH DIAMETER SCHEDULE SO PVC WELL

SCREENSSCREEN SLOT SIZE 010 TO 020 INCH SHOULD BE INSTALLED

OPPOSITE THE WATER BEARING FORMATION PUSH POINT BOTTOM CAP

WILL BE FIXED TO THE SCREEN THE SCREEN WOULD BE ATTACHED TO THE
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SINGLE COMPLETION MONITORING WELL DOUBLE COMPLETION MONITORING WELL

JC PVC CAP 8LO STEEL PIPE COUPLING

PVC LI CAP TAPPED

WITH VENT HOLE

I
BENTONITE SEAL MIN 8LO STEEL OUTER CASING

D M
3MIN CONCRETE SLAB

PVC RISER 2M1JJ
LAIN CEMENT GROUT

II
BENTONITE SEAL29

II C
THREADEDJOINT

FL

O
XVC BENTONITE SEAL

8LO UNCASED HOLE

I
PVC INNER CASINGSCREENED INTERVAL

PRESSPRES FIT OR THREADED JOINTSJOINT ONLY

OOZSANDPAD

WELL SCREENI WASHED PEA GRAVEL OR SAND

GRAVEL PACK BENTONITEPUDDLED CLAY

DUWAMISH GROUND WATER STUDY

SINGLE DO1E COMPLETION

CONICAL DRIVE POINT MONITORING WELLSWELL

BORE HOLE
SWEET EDWARDSEDWARD ASSOCIATESASSOCIATE

DRAWN BY
FIGURE

V4
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BOTTOM OF 2INCH SCHEDULE 80 PVC CASINGSCASING RISING TO FEET

ABOVE GROUN6 SURFACE TOP CAP WOULD BE PROVIDED WITH AN AIR

VENT HOLE ONLY THREADED COUPLINGSCOUPLING SHOULD BE USED NO SOLVENT
WELDED OR SLIP COUPLINGSCOUPLING SHOULD BE USED

AFTER THE SCREEN AND CASING HAVE BEEN INSTALLED 14 TO 38INCH
SAND OR GRAVEL FILTER SHOULD BE PLACED FROM THE BOTTOM OF THE

HOLE TO DEPTH DESIGNATED BY THE GEOLOGIST MINIMUM FOOT

THICK PLUG USING BENTONITE PELLETSPELLET WOULD BE PLACED ON TOP OF THE

FILTER PACK FOR SINGLE COMPLETION WELLSWELL THE REMAINDER OF THE

HOLE WOULD BE FILLED WITH BENTONITE SLURRY FOR DOUBLE

COMPLETION WELLSWELL AN ISOLATING PLUG BENTONITE PELLETSPELLET SHOULD BE

PLACED BELOW THE UPPER SCREEN AND ABOVE THE LOWER SCREEN AT

DEPTH DESIGNATED BY THE GEOLOGIST

SIMULTANEOUSLY WITH THE INSTALLATION OF THE GRAVEL PACK AND

BENTONITE THE STEEL CASING OR AUGER SHOULD BE REMOVED FROM THE

HOLE UPON REMOVAL OF THE STEEL CASING 6INCH DIAMETER LOCKING

SECURITY CASING SHOULD BE CEMENTED INTO PLACE TO PROTECT THE

MONITORING WELL FROM VANDALISM SEE FIGURE VS MONITORING WELL

SECURITY CASING

AFTER COMPLETION THE WELL IS DEVELOPED FOR 24 HOURSHOUR USING

FILTERED AIR THE PURPOSE OF DEVELOPMENT IS TO REMOVE FINESFINE FROM

WITHIN THE CASING SCREEN AND ANNULAR GRAVEL PACK TO ENSURE

HYDRAULIC CONTINUITY WITH THE WATER BEARING FORMATION ALL WELL

CONSTRUCTION MUST BE PERFORMED BY LICENSED WATER WELL

CONTRACTOR AN EXPERIENCED GEOLOGIST SHOULD LOG THE HOLESHOLE AND

SUPERVISE THE PLACEMENT OF SCREEN CASING AND GRAVEL PACK WELL

SEAL AND DEVELOPMENT

FOR WELLSWELL FIXED WITH CONTINUOUSCONTINUOU WATER LEVEL MONITORSMONITOR STEPHENSSTEPHEN
TYPE RECORDER MINIMUM INTERNAL DIAMETER CASING AND SCREEN

WILL BE REQUIRED FOR RIVER LEVEL MONITORSMONITOR 6INCH DIAMETER

CULVERT PIPE WILL BE ADEQUATE 36INCH DIAMETER LOCKED
PROTECTIVE CASING WOULD BE INSTALLED TO PREVENT VANDALISM OF THE

CONTINUOUSCONTINUOU RECORDERS

MONITORING EQUIPMENT BASED ON THE ASSUMPTION THAT METRO

WILL WANT TO TRAIN AND EMPLOY THEIR OWN STAFF FOR ACTUAL

MONITORING OPERATIONSOPERATION WE HAVE LISTED THE MINIMUM EQUIPMENT

REQUIREMENTSREQUIREMENT FOR MONITORING SEE TABLE V3 MONITORING

EQUIPMENT
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12 DIA STEEL SECURITY CAP

12 PLATESPLATE WITH 12

ONE PLATE WELDED TO SECURITY

PVC PIPE CAP CAP ONE PLATE WELDED TO

TAPPED WITH VENT HOLE CASING PIPE

12 STEEL CASING PIPE WITH

CONCRETE

STABILIZER BARSBAR

BENTONITE SEAL

PVC C

DUWAMISH GROUND WATER STUDY

MONITORING WELL

SECURITY CASING

SWEET EDWARDSEDWARD ASSOCIATESASSOCIATE
IPIRTIALSIPIRTIAL

REVISED FIGURE VS
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TABLE V3

MONITORING EQUIPMENT

ITEM APPROXIMATE PRICE

GEOTECH PERISTALTIC PUMP SERIES2 575

GEOTECH BACKFLUSHING FILTER 150

100 45 MICRON DISPOSABLE FILTERSFILTER 200

PREFILTERSPREFILTER 50

IEA SYRINGE SAMPLER W200 FT OF TUBING 1400
VACUUM PUMP 175

MIDDLEBURG PUMP COMPLETE 2600
ELECTRIC WATER LEVEL PROBE 230

CENTRIFUGAL PUMP 400

MODEL 21 BECKMAN PH METER 375

CHEMTREX MODEL 700 CONDUCTIVITY METER 275

12 VOLT MARINE BATTERY 70

TEFLON BAILER GALTEK 2194 135

FLOW THROUGH CELL SWEETEDWARDSSWEETEDWARD 225

NOTE THE ABOVE MANUFACTURERSMANUFACTURER LISTED ARE NOT AN ENDORSEMENT BUT

ARE PROVIDED AS GUIDELINE FOR THE TYPE OF EQUIPMENT NEEDED
SEVERAL MANUFACTURERSMANUFACTURER EXIST FOR MOST ITEMS

MISCELLANEOUSMISCELLANEOU CLEANING EQUIPMENT AND DISPOSABLE MATERIAL INCLUDESINCLUDE

BUCKETSBUCKET BRUSHESBRUSHE SOAP METHANOL DEIONIZED AND DISTILLED WATER
ETC

TOTAL COST OF THE MONITORING EQUIPMENT IS APPROXIMATELY 7000
IN ADDITION TO THE ABOVE EQUIPMENT AFTER THE SECOND YEAR OF

MONITORING IT MAY BE COST EFFECTIVE TO OUTFIT SELECTED

MONITORING WELLSWELL WITH DEDICATED GAS OPERATED SAMPLING PUMPSPUMP AND

PIEZOMETERSPIEZOMETER SUCH AS THE WELL WIZARD OR EQUIVALENT DEDICATED

PUMPSPUMP WHILE INITIALLY QUITE EXPENSIVE 1200 TO 1700
SUBSTANTIALLY REDUCE LONG TERM MONITORING COSTSCOST BECAUSE OF

REDUCED FIELD TIME 300500 PER WELL PER YEAR AND PROVIDE FOR

CONSISTENT QUALITY CONTROL

MONITORING PROCEDURES ADHERANCE TO PROPER MONITORING

PROCEDURESPROCEDURE ARE NECESSARY TO OBTAIN CONSISTENT AND RELIABLE WATER

QUALITY DATA APPENDIX IS GENERAL PROCEDURESPROCEDURE MANUAL

DEVELOPED TO ASSIST METRO IN THEIR MONITORING PROGRAM
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COST OF MONITORING

COST ESTIMATESESTIMATE FOR IMPLEMENTING THE VARIOUSVARIOU ALTERNATIVESALTERNATIVE HAVE
BEEN DEVELOPED BASED ON THE UNIT COSTSCOST PRESENTED IN TABLE V4
MONITOR WELL CONSTRUCTION AVERAGE WELL DEPTHSDEPTH OF 40 AND 120

WERE USED IN THE COST ESTIMATE ACTUAL DEPTH WILL BE DEPENDENT

ON FIELD DETERMINATIONS

TABLE VS TOTAL COST ALTERNATIVESALTERNATIVE PRESENTSPRESENT THE COST OF WELL

INSTALLATION AND THE FIRST TWO YEARSYEAR OF MONITORING FOR EACH

ALTERNATIVE
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TABLE V4

WEITCRD4G WELL FFT49L1UCFFL UNIT CIS

IIDUEW S1E21 AWER AIR WYFARY

SLICE FOIBLE SITCIE EIJBLE SLICE
UNIT DSP CDPIEFICT440 CFLIPLETICII40 CTIPLZFLCI40 CTIPLEFICT440 CRPWIICT120

DRILLING AIR
ROTARY 2300FTB 92000 92000 276000

TBLLA STAN AUER 1200FTFL 48000 48000

SUB 80 PVC CASING THREADSI 250FT 10000 15000 10000 15000 30000

5TH 80 PVC AAEEN 300FT 4500 9000 4500 9000 4500

GRAVEL 6FT6 HOLE 8FT812 HOLE 8400 22400 8400 22400 11200

CTRCRETE 600WELL 600 600 600 600 600
AENTAUTE PELLETSPELLET 50FT6 HOLE 65FT812 HOLE 10000 65000 10000 65000 13000

SECURITY CASING AND LOCK 806 HOLE 90A HOLE 8000 8000 9000 9000 9000
EFLI PL AND CAP 1800INSTALLATICA 1800 3600 1800 3600 1800

BENTAIITE CAATLER 1000SACK 3000 2000 3000 2000 4000

INSTALLATICN 9000HAIR 18000 36000 19000 36000 36000

INSPECTICT 5000HOUR 80000 90000 80000 90000 120000
TVELOPNENT 4500HAIR 9000 18000 9000 18000 36000

SURVEY 360WELL 36000 36000 36000 36000 36000

TTBDART 9000HAIR 18000 18000 18000 18000 18000

ALITIONAL SOIL SAUPLESSAUPLE 1500SANPLE 6000 6000 6000 6000 6000
SOIL SANLE ANALYSISANALYSI 450WELL 45000 45000 45000 45000 45000

IUTHL 306300 422600 352300 467600 647100

CFLUER QXTINUCUSQXTINUCU RECORDERSRECORDER WITH INISIN FACILITIESFACILITIE 1 200EATH

SAIRLING CBSTSCBST PER INSTALLATICC

CLASSCLAS TESTING QAADRTDICATE 685NN SINGLE 200IUN
CLASSCLAS II TESTING L200NN
SAULING LATOR 50CIR 125NXI FIRST YEAR
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TABLE V

IUTAL OSTSOST LTHRNATIVESLTHRNATIVE

FIRST YEPIR 3RSEXJENT

ID CF NSTALLATICN AMPLINS YE2R SPMPLING IXYPAL FIRST

MMRRORING STWTLY DRRLING MEHCI WPXL 4STRUCFLQ WILLSWILL Q2S TEST THG CRSISCRSI TESTMG AERSAER IWO YTHPSYTHP

ALTERNATIVE GRID HOLLOW STAN ASER SINGLE CRXRPLETION40 34 104142 138210 40800 283152

UBLE CZIRPLETICN40 101 426826 821130 242400 1490356

AIR ROTARY SINGLE IPLETICO40 14092 16260 4800 35152

IBUBLE CARLETICCI40J 12 56112 97560 28800 182472

SINGLE CRNPLETICN120 16 103536 65040 19200 187776

CONTINUCTISCONTINUCTI RECORDERSRECORDER 7200 7200
711908 1138200 336000 2186108

ALTERNATIVE POINT

SOUROR HOLLOW STAN AJER ETTABLE CXRPLETICAI40 112 473312 910560 268800 1652672
CONTINUCUSCONTINUCU RECORDERSRECORDER 7200 7200

480512 910560 268800 1659872

ALTERNATIVE CROSSCROS HOLLOW STAN AUGER SINGLE CCZTPLETICRS40 24504 32520 9600 66624
ONANNEL BLE OAIPLETIW40J 39 164814 317070 93600 575484

AIR ROTARY UBLE CCIIPLETICN40 28056 48780 14400 91236

SINGLE CNRPLETICN120 16 103536 65040 19200 187776

CCINTINUCUSCCINTINUCU RECORDERSRECORDER 12 14400 14400

335310 463410 136800 935520

PREFERRED ALTERNATIVE HOLK STAN AUGER SINGLE ORZNPLETICU40 24504 32520 9600 66624

UBLE CXRQLETICC40 23 97198 186990 55200 339388

AIR ROTARY RXUBLE OCVLETICN40 14028 24390 7200 45618

CTINUWSCTINUW RECORDERSRECORDER 9600 9600

145330 243900 72000 461230
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APPENDIX

GLOSSARY OF TERMSTERM

ABLATION PROCESSESPROCESSE BY WHICH SNOW AND ICE ARE LOST FROM GLACIER

ADSORPTION ADHESION OF MOLECULESMOLECULE OR IONSION TO THE SURFACESSURFACE OF SOLID

BODIESBODIE WITH WHICH THEY ARE IN CONTACT

ALLUVIUM ALL DETRITAL DEPOSITSDEPOSIT FROM MODERN RIVERSRIVER

AQUIFER STRATUM OR ZONE BELOW THE SURFACE OF THE EARTH CAPABLE
OF PRODUCING WATER AS FROM WELL

AQUITARD FINE GRAINED SEDIMENTSSEDIMENT WHICH IMPEDE THE MOVEMENT OF

GROUND WATER

ATTENUATION REDUCTION IN CONCENTRATION DUE TO DILUTION DISPERSION
OR DEGRADATION

BEDROCK ANY SOLID ROCK EXPOSED AT THE SURFACE OF THE EARTH OR

OVERLAIN BY UNCONSOLIDATED MATERIAL

DRIFT DEPOSITSDEPOSIT RESULTING FROM GLACIAL ACTIVITY INCLUDING TILL
OUTWASH AND LACUSTRINE SEDIMENTSSEDIMENT

ESTUARINE OF PERTAINING TO OR FORMED IN AN ESTUARY

FISSILITY PROPERTY OF SPLITTING EASILY ALONG CLOSELY SPACED

PARALLEL PLANESPLANE

FLOCCULATION THE PROCESSPROCES OF SEPARATING SUSPENDED SOLIDSSOLID BY CHEMICAL

CREATION OF CLUMPSCLUMP OR FLOCSFLOC

FLUVIAL OF OR PERTAINING TO RIVERSRIVER

ICE SHEET GLACIER FORMING IN CONTINUOUSCONTINUOU COVER OVER LAND SURFACE

WITH THE ICE MOVING OUTWARD IN MANY DIRECTIONSDIRECTION

LACUSTRINE PERTAINING TO PRODUCED BY OR FOUND IN LAKE

LEACHATE SOLUTION OBTAINED BY LEACHING AS BY WATER PERCOLATING
THROUGH SOLID WASTE

LODGEMENT TILL TILL DEPOSITED BENEATH MOVING GLACIER

MEANDER ONE OF SERIESSERIE OF LOOPLIKE BENDSBEND IN THE COURSE OF STREAM
WHICH IS FLOWING AT GRADE
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GLOSSARY CONTINUED

ORGANIC ANY COMPOUND CONTAINING CARBON

OXBOW CRESCENT SHAPED LAKE FORMED IN AN ABANDONED RIVER BEND

THAT IS SEPARATED FROM THE MAIN STREAM

PLEISTOCENE EPOCH DIVISION OF GEOLOGIC TIME THAT INCLUDESINCLUDE THE RECENT

GLACIAL AGE AND ENDED WITH THE DISAPPEARANCE OF THE LAST

ICE SHEET

QUATERNARY PERIOD DIVISION OF GEOLOGIC TIME FROM 11000 YEARSYEAR AGO TO

25 MILLION YEARSYEAR AGO THAT INCLUDESINCLUDE BOTH THE PLEISTOCENE
AND HOLOCENE RECENT EPOCHSEPOCH

STADE SUBSTAGE OF GLACIAL STADE MARKED BY GLACIAL READVANCE

STRATIFIED FORMED OR LYING BEDSBED LAYERSLAYER OF STRATA

TERTIARY GEOLOGIC PERIOD THAT PRECEEDED THE QUATERNARY 2560
MILLION YEARSYEAR AGO

TILL POORLY SORTED GLACIAL SEDIXUENT GENERALLY DENSE HARD WITH

LOW PERMEABILITY AND RESEMBLING CONCRETE IN APPEARANCE
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APPENDIX

INFORMATION SOURCESSOURCE AND CONTACTSCONTACT

CARGOO7O87



APPENDIX

THISTHI APPENDIX LISTSLIST

1 AGENCIESAGENCIE CONTACTED FOR INFORMATION ATTACHMENT

2 PRIVATE COMPANIESCOMPANIE CONTACTED FOR INFORMATION ATTACHMENT

3 COMPANIESCOMPANIE CONTACTED BY LETTER FOR INFORMATION ATTACHMENT

4 SUMMARY OF KNOWN EXISTING GROUND WATER DATA FROM PRIVATE

COMPANIESCOMPANIE AND ITS AVAILABLILTY ATTACHMENT ID
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ATTACHMENT

AGENCIESAGENCIE CONTACTED FOR INFORMATION

DUWAMISH GROUND WATER STUDIESSTUDIE

US GOVERNMENT ENVIRONMENTAL PROTECTION AGENCY

JACK SCEVA MEETING 111484

GEORGE HOEFFER TELEPHONE CONTACT 111584

MIKE BROWN TELEPHONE CONTACT 111584

JIM EVERTSEVERT TELEPHONE CONTACT 111584

PHIL WONG TELEPHONE CONTACT 112184

CHUCK RICE TELEPHONE CONTACT 112184

US GOVERNMENT NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

HERB CURL TELEPHONE CONTACT 11785

US GOVERNMENT ARMY CORPSCORP OF ENGINEERSENGINEER

DICK GALSTER TELEPHONE CONTACT 11884

US GEOLOGICAL SURVEY WATER RESOURCESRESOURCE DIVISION

ROD WILLIAMSWILLIAM TELEPHONE CONTACT 11884

STATE OF WASHINGTON DEPARTMENT OF ECOLOGY

JOHN CONROY MEETING 111984

JOHN LITTLER TELEPHONE CONTACT 12684

GARY BRUGGER TELEPHONE CONTACT 121484

MARY KAUTZ MEETING 2785

STATE OF WASHINGTON DEPARTMENT OF SOCIAL AND HEALTH SERVICESSERVICE

BOB JAMESJAME TELEPHONE CONTACT 11784

NANCY STEINFORT MEETING 11884 FOLLOWED BY TELEPHONE CONVERSATIONSCONVERSATION

KING COUNTY DEPT OF HEALTH SERVICESSERVICE ENVIRONMENTAL HEALTH

LARRY KIRCHENER TELEPHONE CONTACT 11784

JIM HENRICKSON SOUTHWEST SERVICE CENTER TELEPHONE CONTACT 11784

GREG BISHOP TELEPHONE CONTACT 2585
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ATTACHMENT CONTINUED

KING COUNTY DEPARTMENT OF PUBLIC WORKSWORK

TOM LEWSLEW TELEPHONE CONTACT 11884

ANDY LEVESQUE EARTH SCIENTIST TELEPHONE CONTACT 11884

KING COUNTY BUILDING AND LAND DIVISION

DR CHARLIE FULMER TELEPHONE CONTACT 11984

KING COUNTY SOILSSOIL DIVISION

TECHNICIAN TELEPHONE CONTACT 11884

KING COUNTY PLANNING DEPARTMENT RESOURCE PLANNING

DAVE CLARK TELEPHONE CONTACT 11884

CITY OF SEATTLE OFFICE OF INTERGOVERNMENTAL RELATIONSRELATION

CHUCK KLEEBURG TELEPHONE CONTACT 113084

CITY OF SEATTLE DEPARTMENT OF CONSTRUCTION AND LAND USE

ELSIE HUSIZIER TELEPHONE CONTACT 111384

CITY OF SEATTLE MATERIALSMATERIAL LABORATORY

TECHNICIAN TELEPHONE CONTACT 11884

CITY OF SEATTLE ENGINEERING DEPARTMENT

PETER C DUNDAR MEETINGSMEETING 11884 AND 111484

MARK EDENSEDEN TELEPHONE CONTACT 3685

SEATTLE CITY SOLID WASTE

MEL ANDRIESEN TELEPHONE CONTACT 121484

PORT OF SEATTLE

BOB WELLSWELL TELEPHONE CONTACT 12484
ANN FARR TELEPHONE CONTACT 3685
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ATTACHMENT

PRIVATE COMPANIESCOMPANIE CONTACTED FOR INFORMATION

DUWAMISH GROUND WATER STUDIESSTUDIE

DUWAMISH INDUSTRIAL COUNCIL

KIRK THOMSON REPRESENTATIVE DON STARK CONSULTANT MEETING

112984

BRIEFED THE COUNCIL REPRESENTATIVESREPRESENTATIVE ON THE PROJECT AND

REQUESTED COOPERATION WITH THE EFFORT

SEATTLE CITY LIGHT

TIM KROLL TELEPHONE CONTAACT 113084

NO GROUND WATER STUDIESSTUDIE HAVE BEEN CONDUCTED BY CITY OF LIGHT

IN THE DUWAMISH DESCRIBED PCB CONTAMINATION AT THE

GEORGETOWN PLANT AND THE 4TH AND SPOKANE STREET POLE YARD

NORTHWEST COOPERAGE

HERMAN TROF SKY TELEPHONE CONTACT 12384

HAVE NOT CONDUCTED ANY STUDIES REFERRED TO TESTING LABSLAB FOR

INFORMATION

CVVESCVVE K
SEATTLE IRON AND METALSMETAL CORPORATION

DAVID AND IRVING SIDDELL TELEPHONE CONTACT 113084

HAVE CONDUCTED NO GROUND WATER STUDIES

STERNHOFF METALSMETAL

IRVING STERNHOFF TELEPHONE CONTACT 12384

DOESDOE NOT KNOW OF ANY GROUND WATER STUDIESSTUDIE AT DUWAMISH

FACILITY AREA DOESDOE NOT DRAIN WELL
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ATTACHMENT CONTINUED

LONE STAR INDUSTRIESINDUSTRIE

KEN ROWEN TELEPHONE CONTACT 12384

HAVE NOT CONDUCTED ANY GROUND WATER STUDIESSTUDIE TO HIS KNOWLEDGE

HAVE DONE SOIL TESTING FOR STRUCTURESSTRUCTURE WHICH IS AVAILABLE

CHEVRON USA

DAVE FEFGLSTOCK TELEPHONE CONTACT 112984

CHEVRON PROPERTY IS BEING SOLD THEY HAVE SEVERAL MONITORING

WELLSWELL CURRENTLY IN PLACE WHICH WILL BE ABANDONED DOE HAS

DATA FROM WELLS DOE CONTACTED 111983 HAD NOT PROVIDED

CHEVRON REPORT AS OF 42985

SEAFAB METALSMETAL COMPANY

NP JENSEN WRITTEN COMMUNICATION 12385

PROVIDED COPY OF WELL INSTALLATION AND OBSERVATION REPORT

CONVERSE CONSULTANTSCONSULTANT

STEVE SAGSTAD MEETING 3685

MADE AVAILABLE UNPUBLISHED BORING LOGSLOG FOR RETSRET PROJECT

ADVANCE ELECTROPLATING

RANDY HOWORTH TELEPHONE CONTACT 31885

KNOWSKNOW OF NO HYDROGEOLOGIC OR SUBSURFACE STUDIESSTUDIE

CARGOO7O92



ATTACHMENT CONTINUED

BETHLEHEM STEEL

LAURA MORK MESSAGE LEFT ON 31485 31885

DID NOT RETURN CALLS ON VACATION WEEK OF 317322 SUMMARY

REPORT ON GROUND WATER SAMPLING AND MONITORING PROVIDED BY TOM

HUBBARD OF METRO

THE BOEING COMPANY

KIRK S THOMSON WRITTEN COMMUNICATION 21585

STATED THAT ALL RELEVANT DATA GIVEN TO DCLU OR DOE AND

RECOMMENDSRECOMMEND CONTACTING THOSE SOURCES

CONSTRUCTORSCONSTRUCTOR PAMCO

MR JONESJONE RICHARD SCHEUMAN ON LEAVE UNTIL 33185 TELEPHONE

CONTACT 31485

KNOWSKNOW OF NO HYDROGEOLOGIC OR SUBSURFACE STUDIES

DUWAMISH SHIPYARD INC

DONALD A MEBERG WRITTEN COMMUNICATION 2685

STATED THAT THEY HAVE NOT CONDUCTED ANY GROUND WATER STUDIESSTUDIE

ON THEIR PROPERTY

IDEAL BASIC INDUSTRIESINDUSTRIE

RON WALLISWALLI TELEPHONE CONTACT 11785

HAS NOT CONDUCTED NOR IS PLANNING ANY GROUND WATER STUDIES
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ATTACHMENT CONTINUED

EARLE M JORGENSEN COMPANY

JOHN LAVILLETTE TELEPHONE CONTACT 31885

HAS NO GROUND WATER OR SUBSURFACE INFORMATION

KENWORTH TRUCK COMPANY

RUSTY WAILESWAILE TELEPHONE CONTACT 31485

DESCRIBED WATER INFLOW TO EXCAVATIONSEXCAVATION PREVIOUSLY CONDUCTED AND

SENT COPIESCOPIE OF FOUNDATION BORING LOGS

LOCKHEED SHIPBUILDING INC

JOHN LANE TELEPHONE CONTACT 32285

NO GROUND WATER STUDIESSTUDIE HAVE BEEN CONDUCTED WILL SEND BORING

LOGSLOG FROM RECENT FOUNDATION STUDY NOT RECEIVED AS OF

42885

MANSON CONSTRUCTION AND ENGINEERING

LESTER HILLISHILLI TELEPHONE CONTACT 31485

HAVE NOT PERFORMED ANY HYDROGEOLOGIC STUDIES

MONSANTO COMPANY

MEL MILLER TELEPHONE CONTACT 31485

HAVE NOT CONDUCTED ANY GROUND WATER STUDIES WILL SEND

AVAILABLE FOUNDATION BORING LOGS NOT RECEIVED AT OF 42885
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ATTACHMENT CONTINUED

NORTHWESTERN GLASSGLAS

GEORGE GATCHET TELEPHONE CONTACT 31485

KNOWSKNOW OF SEVERAL BORINGSBORING CONDUCTED FOR FOUNDATION STUDIESSTUDIE

WILL SEND COPIESCOPIE OF ONESONE AVAILABLE NOT RECEIVED AS OF

42885

TODD PACIFIC SHIPYARDSSHIPYARD CORPORATION

JIM ANDERSON TELEPHONE CONTACT 31485

HAVE NOT CONDUCTED ANY GROUND WATER STUDIESSTUDIE AND ONLY PILINGSPILING

DRIVEN BELOW SURFACE NO EXCAVATIONSEXCAVATION OR BORINGS

MARINE POWER AND EQUIPMENT COMPANY

PHIL BALLINGER TELEPHONE CONTACT 32285

HAVE NO GROUND WATER OR SUBSURFACE INFORMATION

CHEMICAL PROCESSORSPROCESSOR INC

MICHAEL P KELLER WRITTEN COMMUNICATION 11785

GRANTED PERMISSION FOR HARPEROWESHARPEROWE TO RELEASE APPENDIX OF

THE GEORGETOWN PLANT GROUND WATER STUDIES DATA HAS BEEN

RECEIVED

SHELL

MR CLARKSON TELEPHONE CONTACTSCONTACT 314 322

WILL CONTACT ENVIRONMENTAL PERSON RESPONSIBLE WHEN THEY RETURN

FROM VACATION ON 4185
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ATTACHMENT CONTINUED

ATLANTIC RICHFIELD COMPANY

ROBERT BUNTEN TELEPHONE CONTACT 31485

STATED HE HAD THOROUGHLY SEARCHED RECORDSRECORD AFTER RECENT

REQUEST BY METRO FOR DATA REGARDING THEIR MONITORING WELLS

FOUND LITTLE INFORMATION WELLSWELL WERE DRILLED APPROXIMATELY 18

YEARSYEAR AGO AND TWO METAL CASINGSCASING REMAIN INTACT

WYCKOFF COMPANY

WILLIAM CARINSCARIN TELEPHONE CONTACT 12285

STATED THAT THEY WOULD LIKE TO HELP BUT ALL DATA WAS IN

LITIGATION AND UNAVAILABLE FOR RELEASE

GATX TANK STORAGE TERMINALSTERMINAL

GREG LEESE TELEPHONE CONTACT 31485

KNOWSKNOW OF NO GROUND WATER OR SUBSURFACE DATA THEIR NEWEST

TANK WAS CONSTRUCTED IN 1954

RABANCO

STEVE BANCHERO TELEPHONE CONTACT 31985

HAVE NOT CONDUCTED ANY GROUND WATER STUDIESSTUDIE AND IS NOT SURE IF

THERE ARE ANY BORING LOGSLOG AVAILABLE
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ATTACHMENT

COMPANIESCOMPANIE CONTACTED BY LETTER

DUWAMISH GROUND WATER STUDIESSTUDIE

ADVANCE ELECTROPLATING RANDY HAWORTH

BETHLEHEM STEEL LAURA MORK

THE BOEING COMPANY KIRK THOMSON

CONSTRUCTORSCONSTRUCTOR PAMCO RICHARD SCHEUMAN

THE DUWAMISH SHIPYARD DAVID LARSEN

IDEAL BASIC INDUSTRIESINDUSTRIE RON WALLISWALLI

EARLE M JORGENSEN CO JACK BUNT

KENWORTH TRUCK CO RUSTY WAILESWAILE

LOCKHEED SHIPBUILDING INC J B QUINN

MANSON CONSTRUCTION AND ENGINEERING LESTER HILLISHILLI

MONSANTO COMPANY MEL MILLER

NORTHWESTERN GLASSGLAS FRANK GLINKA

TODD PACIFIC SHIPYARDSSHIPYARD CORP JIM ANDERSON

MARINE POWER AND EQUIPMENT CO DAVE GREEN

CHEMICAL PROCESSORSPROCESSOR INC MIKE KELLER

SHELL MR CLARKSON

ARCO PETROLEUM DOUG POLEN

WYCOFF MEL BROWN

GATX TANK STORAGE TERMINALSTERMINAL DE MILLER

RABANCO STEVE BANCHERO
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ATTACHMENT

GROUND WATER DATA AVAILABILITY FROM PRIVATE COMPANIESCOMPANIE

NAME OF DATA DATA DATA

COMPANY EXISTSEXIST EXISTSEXIST BUT DOESNT

FACILITY AVAILABLE UNAVAILABLE EXIST

ADVANCE ELECTROPLATING

BETHLEHEM STEEL NO RESPONSE TO LETTERSLETTER OR CALLSCALL AS OF 32285

BOEINGISAACSON

CONSTRUCTORSCONSTRUCTOR PAMCO

DUWAMISH SHIPYARD

IDEAL BASIC INDUSTRIESINDUSTRIE

EARLE M JORGENSEN

KENWORTH TRUCK

LOCKHEED SHIPBUILDING

MANSON CONSTRUCTION

MONSANTO

NORTHWESTERN GLASSGLAS

TODD PACIFIC SHIPYARDSSHIPYARD

MARINE POWER AND EQUIPMENT

CHEMICAL PROCESSORSPROCESSOR

SHELL NO RESPONSE TO LETTERSLETTER OR CALLSCALL AS OF 32285

ARCO

WYCKOFF

GATX TANK STORAGE

RABANCO

SEATTLE CITY LIGHT

NORTHWEST COOPERAGE

SEATTLE IRON METALSMETAL

STERNHOFF METALSMETAL

LONE STAR INDUSTRIESINDUSTRIE

CHEVRON USA

AVAILABLE DATA CONSISTSCONSIST OF BORING LOGSLOG ONLY

AVAILABLE DATA VERY LIMITED NATURE

AVAILABLE DATA CONSISTSCONSIST OF SOIL TESTING ONLY

CARGOO7O98



APPENDIX
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DUWAIIISH GROUND WATER STUDIESSTUDIE
WASTE DISPOSAL PRACTICESPRACTICE AND

DREDGE AND FILL HISTORY

PREPARED FOR

SWEET EDWARDSEDWARD AND ASSOCIATESASSOCIATE

PREPARED BY

HARPER OWESOWE

MARCH 1985
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DUWAIIISH GROUND WATER STUDIESSTUDIE

WASTE DISPOSAL PRACTICESPRACTICE

AND DREDGE AND FILL HISTORY

SCOPE OF WORK

THISTHI REPORT PRESENTSPRESENT REVIEW OF HISTORICAL WASTE DISPOSAL AND DREDGEFILL

PRACTICESPRACTICE IN THE DUWAMISH RIVER AREA THE EMPHASISEMPHASI OF THE REVIEW HAS BEEN PLACED

ON IDENTIFYING POTENTIAL SOURCESSOURCE OF CONTAMINATION TO THE DUWAMISH AREA GROUND

WATER THE SCOPE OF WORK FOR THISTHI REVIEW DOESDOE NOT INCLUDE INFORMATION ON DIRECT

WASTE DISCHARGESDISCHARGE INTO THE DUWAMISH RIVER BUT CONCENTRATESCONCENTRATE ON WASTE DISPOSAL AND

DREDGEFILL PRACTICESPRACTICE WHICH MAY AFFECT GROUND WATER QUALITY

WASTE DISPOSAL PRACTICESPRACTICE

INFORMATION SOURCESSOURCE

INFORMATION FOR THE REVIEW OF WASTE DISPOSAL PRACTICESPRACTICE HAS BEEN OBTAINED FROM

THE FOLLOWING SOURCESSOURCE

1 AERIAL PHOTOGRAPHY ANALYSISANALYSI OF HAZARDOUSHAZARDOU WASTE SITESSITE DUWAMISH VALLEY
WASHINGTON UNITED STATESSTATE ENVIRONMENTAL PROTECTION AGENCY LAS VEGASVEGA
1982

2 AN INVESTIGATION OF POLLUTION IN THE GREENDUWAMISH RIVER POLLUTION
CONTROL COMMISSION TECHNICAL BULLETIN 20 1955

3 MUNICIPALITY OF METROPOLITAN SEATTLE INDUSTRIAL WASTE SECTION FILES

4 WASHINGTON STATE DEPARTMENT OF ECOLOGY NPDESNPDE AND HAZARDOUSHAZARDOU WASTE FILESFILE
INCLUDESINCLUDE POLLUTION CONTROL CONINISSION REPORTS

5 REMEDIAL ACTION MASTER PLAN HARBOR ISLAND USEPA HAZARDOUSHAZARDOU SITE CONTROL

DIVISION

6 USEPA HAZARDOUSHAZARDOU WASTE FILESFILE

7 PHOTOGRAPHIC ANALYSISANALYSI OF REICHOLD WASTE SITE SEATTLE USEPA LAS

VEGASVEGA 1981
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8 WATER QUALITY ASSESSMENT OF THE DUWAMISH ESTUARY WASHINGTON HARPER
OWESOWE FOR MUNICIPALITY OF METROPOLITAN SEATTLE SEATTLE 1983

9 ABANDONED LANDFILL STUDY IN THE CITY OF SEATTLE SEATTLEKING COUNTY

DEPARTMENT OF HEALTH SEATTLE 1984

WASTE UISPOSUISPO PRACTICESPRACTICE

IDENTIFIED WASTE DISPOSAL SITESSITE AND UNIDENTIFIED POTENTIAL SITESSITE ARE LISTED

BY LOCATION PROCEEDING FROM THE NORTH TO THE SOUTH DATESDATE LISTED REFER TO THE

YEAR WHEN THE SITE WAS DOCUMENTED REFERENCE NUMBERSNUMBER REFER TO THE INFORMATION

SOURCESSOURCE LISTED ABOVE SITE LOCATIONSLOCATION CAN BE FOUND IN FIGURESFIGURE THROUGH 3

1 WYCKOFF REFERENCE NOS

WYCKOFF GENERATESGENERATE AND STORESSTORE THE FOLLOWING SLUDGESSLUDGE ON SITE PENTACHIORO

PHENAL SLUDGE COPPER ARSENATE SLUDGE AND CREOSOTE SLUDGE OILY SEEPAGE INTO

THE INTERTIDAL AREA SURROUNDING THE PLANT IS EVIDENT DETAILED INFORMATION

FROM USEPA FILESFILE ON WYCKOFF IS PRESENTLY NOT AVAILABLE BECAUSE OF PENDING

LITIGATION AND ENFORCEMENT ACTION AND WILL BECOME AVAILABLE AFTER MARCH 1985

2 1961 P447 352 W122 21 REFERENCE NO

THISTHI SITE WAS USED AS LIQUID DISPOSAL AREA AERIAL PHOTOGRAPHY SHOWED

POOL OF DARKTONED LIQUID IN THE MIDDLE OF THE SITE BY 1968 THISTHI SITE

WAS DEVELOPED INTO TRANSSHIPMENT POINT AND THE SITE COVERED BY RAILROAD

FACILITIES

3 1940 P447 349 W122 1975 REFERENCE NO

THISTHI WAS GENERAL DUMP SITE WHICH DID NOT APPEAR TO BE ASSOCIATED WITH

ANY LOCAL INDUSTRY AERIAL PHOTOGRAPHY FROM 1961 SHOWSSHOW THAT THE SITE WAS

COVERED OVER BY INDUSTRIAL DEVELOPMENT

4 QUENIETCO SEA FAB METALSMETAL 1975 REFERENCE NOS

SEEPAGE POND WAS USED BY QUECNETCO FOR DISPOSAL OF THEIR PROCESSPROCES WASTE

WATER INCLUDING SPENT CHEMICALSCHEMICAL BATTERY ACID SOLUTION AND MOST OF YARD
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TS1 EXISTING LIQUIDFSI WASTE DISPOSAL
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WASTE DISPOSAL
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SPOILSSPOIL
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DUWAMISH RIVER 1908 SHORELINE
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DRAINAGE FROM 1975 UNTIL JANUARY 1982 THE SEEPAGE POND WAS PART OF TREAT

MENT SYSTEM CONSISTING OF AMMONIA NEUTRALIZATION VACUUM FILTRATION AND FINAL

DISPOSAL IN THE SEEPAGE POND

CHARACTERIZATION OF QUEMETCOSQUEMETCO PROCESSPROCES WASTE WATER IS GIVEN IN TABLE 1

WATER SAMPLESSAMPLE WERE COLLECTED FROM THE SEEPAGE POND WHERE WASTEWATER HAD RE

CEIVED PRIOR NEUTRALIZATION AND VACUUM FILTRATION IN 1970 IT WAS REPORTED

THAT 25 GPM OF WASTEWATER WAS DISCHARGED IT WAS ALSO REPORTED THAT SLUDGE

WAS REMOVED TWICE PER YEAR

PRIOR TO 1975 WASTEWATER WAS DISCHARGED DIRECTLY TO AN IMPOUNDMENT

WITHOUT PRETREWTMENT 1974 AERIAL PHOTOGRAPHY INDICATESINDICATE THAT THISTHI IMPOUND

MENT WAS IN THE SAME LOCATION AS THE SEEPAGE PIT THE POND WAS LOCATED JUST

OFF 13TH AVENUE SOUTHWEST

IN 1983 THE LAGOON WAS BYPASSED AND MONITORING WELL WAS INSTALLED ON

QUEMETCOSQUEMETCO PROPERTY AS PART OF THE RCRAENFORCED CLEANUP OF THE SEEPAGE LA

GOON QUEMETCO ALSO HAS OPEN STORAGE OF OLD BATTERIESBATTERIE ON SITE AND TWO TYPESTYPE

OF WASTE PILES THE WASTE PILESPILE CONTAINED DIATOMACEOUSDIATOMACEOU EARTH AND RUBBER CHIPSCHIP

AND WERE REMOVED DURING THE SUMMER OF 1984 THE LAGOON AND WASTE PILESPILE HAVE

BEEN CLASSIFIED AS HAZARDOUSHAZARDOU WASTE SITE UNDER THE SUPERFUND PROGRAM AND THE

COMPANY SEA FAB HAS RECENTLY SUBMITTED PLAN FOR CLOSURE OF THE FACILITY TO

THE DEPARTMENT OF ECOLOGY THISTHI PLAN BE OBTAINED FROM DOE

5 GOLDEN PENN OIL COMPANY 293113TH AVENUE SOUTHWEST REFERENCE NO

GOLDEN PENN OIL COMPANY WAS WASTE SOLVENT RECYCLER THERE IS POSSI

BILITY THAT SLUDGE LAGOON WAS LOCATED AT THISTHI SITE AND THAT HAZARDOUSHAZARDOU

WASTESWASTE WERE HANDLED ALONG WITH THE WASTE SOLVENTS
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TABLE 1 QUEMETCO PROCESSPROCES WASTEWATER QUALITY DATA

CONTAMINANT CONCENTRATION MGI

SAMPLE CADMIUM CHROMIUM COPPER NICKEL LEAD ZINC

DATE TIME PERIOD AVG PEAK AVG PEAK AVG PEAK AVG PEAK AVG PEAK AVG PEAK COMENTSCOMENT

10616 0000 TO 2245 015 058 001 002 094 130 045 079 10 41 10 19 DISCHARGE TO LEACH PIT

111071 0000 TO 1630 030 006 12 15 048 36 56 13 19 DISCHARGE TO LEACH PIT

111177 0330 TO 0830 NS US MS US 13 14 US US 57 70 12 13 DISCHARGE TO LEACH PIT

22178 1430 US US NS NS 018 NS US 36 026 DISCHARGE TO LEACH PIT

61379 1120 TO 1620 US US US N5 10 22 US US 015 030 033 093 DISCHARGE TO LEACH PIT

61479 0020 TO 0920 095 004 38 84 049 31 49 34 69 DISCHARGE TO LEACH PIT

71279 0000 TO 2000 10 002 16 059 073 075 13 057 DISCHARGE TO LEACH PIT

71379 0300 TO 0900 US NS US US NS US 12 11 064 18 US NS DISCHARGE TO LEACH PIT

102880 0000 TO 2245 10 15 009 34 19 016 33 59 35 55 DISCHARGE TO LEACH PIT

6281 1530 TO 2230 096 11 004 004 23 32 056 064 23 41 081 098 DISCHARGE TO LEACH PIT

6381 0930 001 004 002 002 004 001 DISCHARGE TO LEACH PIT

72281 1600 007 002 10 039 088 13 DISCHARGE TO LEACH PIT

102281 0000 21 006 40 11 44 079 DISCHARGE TO LEACH PIT

112481 1015 TO 2215 17 20 002 002 28 76 11 13 34 71 30 58 DISCHARGE TO LEACH PIT

112581 0121 TO 0921 10 12 002 002 47 74 055 061 27 46 10 11 DISCHARGE TO LEACH PIT
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TABLE 1 QUEUIETCO PROCESSPROCES WASTEWATER QUALITY DATA

CONTINUED

CONTAMINANT CONCENTRATION MGI

SAMPLE CADMIUM CHROMIUM COPPER NICKEL LEAD ZINC

DATE TIME PERIOD AVG PEAK AVG PEAK AVG PEAK AVG PEAK AVG PEAK AVG PEAK COMMENTSCOMMENT

123181 0000 SAMPLESSAMPLE NOT ANALYZED

21082 1140 22 002 71 063 049 055 DISCHARGE TO LEACH PIT

52682 1221 TO 1921 09 11 002 002 16 34 05 06 68 150 16 21 DISCHARGE TO SANITARY

SEWER

9782 1000 TO 2200 31 81 003 004 54 130 14 32 069 15 13 59 DISCHARGE TO SANITARY

SEWER

9882 0200 TO 0900 013 011 002 002 024 032 010 012 011 014 007 008 DISCHARGE TO SANITARY

SEWER

SOURCE LETTER FROM DENISE HEALY INDUSTRIAL WASTE INVESTIGATOR WATER QUALITY DIVISION MUNICIPALITY OF METROPOLITAN
SEATTLE TO JOAN MCNAMEE TOXIC SUBSTANCE CONTROL BRANCH US EPA REGION DATED AUGUST 10 1983

NOTESNOTE US NOT SAMPLED
AVAILABLE DATA HAVE BEEN NUMERICALLY AVERAGED AND SUMMARIZED ONLY THE AVERAGE AND PEAK CONCENTRATIONSCONCENTRATION ARE SHOWN
FOR THE CONTAMINANTSCONTAMINANT MEASURED SAMPLESSAMPLE WERE GENERALLY COLLECTED AT REGULAR INTERVALSINTERVAL THROUGHOUT THE SAMPLING
PERIOD MAKING WEIGHTED AVERAGESAVERAGE UNECESSARY
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6 1940 MI 346 W122 212 REFERENCE NO

THISTHI WAS SMALL INDUSTRIAL FACILITY WITH WASTE DUMPING LOCATED ON

WETLANDSWETLAND AREA PILESPILE OF WHITE MATERIAL WERE LOCATED ON THE SITE AERIAL

PHOTOGRAPHY FROM 1961 SHOWSSHOW THAT THE AREA HAS BEEN DEVELOPED AND THE DUMPING

LOCATION COVERED OVER

7 SEATTLE IRON AND METAL 295511TH AVENUE SOUTHWEST HARBOR ISLAND
REFERENCE NOS

WASTEWATER AT SEATTLE IRON AND METAL IS PRODUCED FROM THE COPPER WIRE

WASH AREA WIRE WHICH HAS BEEN BURNED TO REMOVE THE INSULATION IS WASHED IN

NONENCLOSURE AREA AND THE WATER DRAINSDRAIN INTO PIT USED FOR SETTLING THE

PIT ALSO ACCEPTSACCEPT STORMWATER AND OVERFLOWSOVERFLOW INTO THE STORM DRAIN SYSTEM THE

RESULTSRESULT OF WASHWATER SAMPLESSAMPLE TESTED IN 1974 1984 AND 1985 CAN BE FOUND IN

TABLE 2

TABLE 2 WASHWATER SAMPLE FROM SEATTLE IRON AND METAL

YEAR 1974 1984 1984 1985 1985

LOCATION DRAIN PIT DRAIN DRAIN DRAIN

COPPER MGL 0760 1600 248 182 162

LEAD MGL 0800 74 62 115 425

ZINC MGL 0440 219 125 119 141

NICKEL MGL 0140 73 03 02 D2
CADMIUM MGL 0156 0105 04 04
CHROMIUM MGL 060 025 02 02

THE SITE ALSO CONTAINSCONTAIN AN UNPAVED SCRAP IRON STORAGE AREA WHERE RAIN

WATER COLLECTSCOLLECT AND SEEPSSEEP INTO THE GROUND THE SITE IS LOWER THAN THE SUR

ROUNDING STREETSSTREET AND RUNOFF DRAINSDRAIN INTO THE FACILITY
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8 VALUE PLATING AND METAL POLISHING 320711TH AVENUE SOUTHWEST
REFERENCE 14O

VALUE OPENED IN 1970 AND DISCHARGED WASTEWATER ONTO THE GROUND BEHIND

THEIR SHOP UNTIL THEY WERE CONNECTED TO THE SEWER IN 1978 METALSMETAL CONCENTRA

TIONSTION OF THEIR WASTE DISCHARGED TO METROSMETRO SEWERSSEWER ARE LISTED IN TABLE 3

TABLE 3 WASTEWATER SAMPLE FROM VALUE PLATING AND METAL POFLSHING

PARAMETER CONCENTRATION MGI

CADMIUM 023
CHROMIUM 95

COPPER 55

NICKEL 209

LEAD 042
ZINC 63

VALUE ALSO STORESSTORE CHEMI CAL DRUMSDRUM ON UNPAVED GROUND BEHIND THEIR SHOPS

ACID DRIPPINGSDRIPPING FROM THEIR PROCESSESPROCESSE FALL ONTO UNPAVED GROUND AND FLOW INTO

POORLY MAINTAINED CONCRETE SUMP

9 PURDY COMPANY 2929 SW FLORIDA REFERENCE NO

THE PURDY COMPANY OPERATESOPERATE METAL RECYCLING YARD AND HAS HANDLED PCB

TRANSFORMERS WASTE AUTOMOTIVE AND MACHINERY OIL INCLUDING PCB OIL IS SPILLED

ONTO THE GROUND RESULTSRESULT FROM STORM DRAIN SEDIMENT SAMPLE COLLECTED IMMEDI

ATELY IN FRONT OF THE FACILITY WILL BE AVAILABLE AFTER MARCH 1985

10 CITY OF SEATTLE LANDFILL REFERENCE NOS

THISTHI SITE KNOWN AS THE WEST HANFORD STREET FILL SITE WAS CITY OF

SEATTLE OPERATED LANDFILL WHICH ENABLED THE FILLING OF THE SEATTLE TIDELANDS

THE ORIGINAL FILL AREA EXTENDED NEAR CITY VIEW STREET AND NORTH TO WEST HAN

FORD MORE RECENT BOUNDARIESBOUNDARIE WERE HARBOR AVENUE SOUTHWEST ON THE WEST THE

RAILROAD TRACKSTRACK ON THE EAST WEST HANFORD STREET ON THE SOUTH AND SOUTHWEST
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FLORIDA STREET ON THE NORTH THE SITE WAS OVER 20 ACRESACRE IN SIZE AND OPERATED

FROM ABOUT 1939 TO 1966 LAND OWNERSOWNER INCLUDED KING COUNTY AND BETHLEHEM

STEEL

THE SITE WAS USED PRIMARILY FOR DISPOSAL OF GARBAGE COLLECTED BY THE

CITY CONTRACT GARBAGE COLLECTORSCOLLECTOR BUT ALSO LIKELY CONTAINSCONTAIN INDUSTRIAL SOLID

WASTE FROM NEARBY INDUSTRIES THE SEATTLEKING COUNTY DEPARTMENT OF PUBLIC

HEALTH REPORTSREPORT THAT STEEL MILL WASTESWASTE AND FERTILIZER PLANT WASTESWASTE WERE

DEPOSITED ON THE SITE IN THE 1940S1940 IT IS REPORTED THAT HOG FUEL AND SAWDUST

WERE USED AS COVER MATERIAL THE SITE HAS ALSO BEEN USED FOR THE DISPOSAL OF

DREDGE MATERIAL

IN 1965 THE SEATTLE FIRE DEPARTMENT USED 500 SQUARE FEET AREA OF THE

LANDFILL FOR THEIR OIL FIRE CONTROL SCHOOL THE OPERATION LASTED ABOUT THREE

MONTHSMONTH AND WAS LOCATED ON HARBOR AVENUE SOUTHWEST AND SOUTHWEST LANDER

THE LANDFILL OPERATION CONVERTED PORTION OF THE DUWAMISH TIDEFLATSTIDEFLAT TO

LARGE AREA OF THE SEATTLE PORT COMMISSIONSCOMMISSION INDUSTRIAL AND HARBOR DEVELOPMENT

DISTRICT LONGFELLOW CREEK RAN THROUGH THE LANDFILL AREA AND WAS DIVERTED

INTO CULVERT IN THE EARLY 1960S THE SITE IS ALSO KNOWN FOR ITS HIGH WATER

TABLE WHICH UNDERLIESUNDERLIE ANDOR PERMEATESPERMEATE THE FILL PRESENTLY THE PURDY COMPANY

RECYCLER OF INDUSTRIAL METALSMETAL OCCUPIESOCCUPIE THE NORTHERN PORTION OF THE LANDFILL

AREA

11 BETHIEHESBETHIEHE STEEL COMPANY 8501 E MARGINAL WAY 1955 LI

REFERENCE HAS

BETHLEHEM STEEL COMPANY FABRICATESFABRICATE AND GALVANIZESGALVANIZE STEEL SULPHURIC ACID

PICKLING LIQUOR WASTESWASTE WERE DISPOSED OF ON LAND AT THE SLAG DUMP AS EARLY AS

1955 WASTEWATER DEPOSITED ON SITE INCLUDED ELECTROPLATE HOT DIP AND COIL

PICKLE PROCESSES
LI
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TREATMENT OF CONTACT COOLING WATER CONSISTED OF PRIMARY SETTLING IN

SCALE SETTLING PITSPIT GRAVITY OIL SEPARATION AND FINAL HOLDING IN POND FOR

REUSE AT THE PLANT SOLIDSSOLID WERE REMOVED FROM THE SETTLING BASIN ON REGULAR

BASISBASI AND DEPOSITED AT THE SLAG DUMP LOCATED ON SOUTHWEST ANDOVER BETWEEN

28TH SOUTHWEST AND 26TH SOUTHWEST

THE SLAG DUMP WAS OPERATED FOR ABOUT 20 YEARSYEAR AND CONTAINSCONTAIN ABOUT FOUR

FOOT DEPTH OF WASTE MATERIAL THE FACILITY WAS ALSO OPERATED AS WASTE

STORAGE PILE FOR FLAME TRAP SLUDGE IN THE 1970S

THE FACILITY CLOSED IN 1983 AND BETHLEHEM STEEL HAS SUBMITTED CLOSURE

PLAN TO THE EPA WHICH RECOMMENDSRECOMMEND THE REMOVAL OF THE CONTAMINATED SLAG AND

SOILSSOIL AT THE DISPOSAL SITE BETHLEHEM STEEL AND APPLIED GEOTECHNOLOGY INC

ARE ALSO DUE TO SOON RELEASE GROUND WATER MONITORING SUMMARY REPORT ON THE

EFFECTSEFFECT OF THE DISPOSAL SITE ON THE UPPER AQUIFER

EARLY GROUND WATER MONITORING RESULTSRESULT FROM 1982 ARE PRESENTED IN TABLE

4 THE EPA REPORTSREPORT THAT THESE RESULTSRESULT MUST BE EVALUATED WITH CARE BECAUSE

TIDAL EFFECTSEFFECT IN THE AREA DISTORT TYPICAL DOWN GRADIENT CONTAMINANT MIGRATION

PATTERNS

12ABC 1940 MI 3415I W122 196 REFERENCE NOS

THESE SITESSITE WERE PART OF THE CITY OF SEATTLE GENERAL REFUSE DUMPS BY

1968 SITESSITE AND WERE COVERED BY COMMERCIAL DEVELOPMENT SITE 120 IS

STILL IN SERVICE AS AN AUTO WRECKING SITE

SOIL XPLORATIONSXPLORATION CONDUCTED IN 1962 NOTED THAT THE GARBAGE FILL AT THE

SITE WAS UNDERLAIN BY SOFT CLAY THE SOIL BORINGSBORING INDICATED GARBAGE FILL

EXTENDED APPROXIMATELY 11 FEET BELOW THE GARBAGE LAYER LAYER OF MIXED SOIL

AND GARBAGE EXTENDED AN ADDITIONAL TWO FEET GROUND WATER WAS FOUND AT

DEPTH OF EIGHT FEET WHICH COINCIDESCOINCIDE WITH THE GARBAGE LAYER
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THE SITE RECEIVED GENERAL REFUSE DREDGE MATERIAL AND ALSO SERVED AS THE

INDUSTRIAL DISTRICT DUMP IN THE EARLY 1950S1950 CITY LIGHT FACILITY WAS

LOCATED ADJACENT TO THE SITE AND INCLUDED POLE YARD AND STORAGE AREA FOR

OLD TRANSFORMERS EXCESSEXCES TRANSFORMERSTRANSFORMER AND VARIETY OF WASTESWASTE ARE REPORTED TO

HAVE BEEN DEPOSITED AT THE SOUTH END OF THE FILL

13 ASH GROVE CEMENT LONE STAR 3801 E MARGINAL WAY SOUTH REFERENCE NO

ALL STORMWATER AND WASTEWATER GENERATED AT THE ASH GROVE SITE IS DIVERTED

TO AN UNLINED SURGE POND LOCATED ON THE BANK OF THE RIVER THERE IS NO SURFACE

DISCHARGE FROM THISTHI POND AS THE WATER IS REUSED IN THEIR PROCESSES RESULT OF

WATER SAMPLE ANALYSISANALYSI FROM THE POND IS LISTED IN TABLE 5

TABLE 4 GROUND WATER MONITORING RESULTSRESULT FROM BETHLEHEM STEEL SITE

UP GRADIENT DOWN GRADIENT

PARAMETER TEST WELL TEST WELL

CADMIUM MGL 0016 0024

CHROMIUM MGL 020 005
LEAD MGL 052 051

PARAMETER CONCENTRATION

PH 108

COPPER MGL 01
ZINC MGFL 013
IRON MGL 23
CHROMIUM MGL 035

LEAD MGL 056
CONDUCTIVITY UMHOSUMHO 225

HARDNESSHARDNES MGL 120

10
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PRIOR TO 1985 VARIETY OF MATERIALSMATERIAL WAS STORED ONSITE AT ASH GROVE

CEMENT ON UNPAVED AREAS ASH GROVE BUYSBUY 25000 TONSTON OF ASARCO SLAG PER YEAR

WHICH WAS STOCKPILED OUTSIDE UNCOVERED COAL FLY ASH WAS ALSO STORED OUTSIDE

UNCOVERED THESE PILESPILE WERE REMOVED AND ARE PRESENTLY STORED INDOORS

COAL IS STORED OUTSIDE IN COAL PITSPIT WHICH ARE PARTIALLY COVERED WITH

BLACK PLASTIC TARPS OIL DIESEL AND LUBRICANTSLUBRICANT ARE STORED IN DRUMSDRUM AND TANKSTANK

ON CONCRETE PLATFORM SURROUNDED BY AN UNPAVED AREA WHERE SPILLAGE CAN SEEP

INTO THE GROUND ASH GROVE HAS ALSO DEPOSITED BRICK CONCRETE WASTE CEMENT

AND DUST IN LANDFILL ADJACENT TO THE RIVER

14 1961 N47 341 W122 2015 REFERENCE NO

THISTHI SITE IS LOCATED ADJACENT TO THE PUGET SOUND FABRICATORSFABRICATOR FACILITY

AND CONTAINSCONTAIN SEVERAL PILESPILE OF WHITETONED WASTE MATERIAL

15A SEATTLE CITY LIGHT SUBSTATION 1961 MI 3405 W122 2015
REFERENCE NOS

THISTHI SITE WAS USED AS DUMP AREA FOR TRASH AND OTHER WASTE MATERIAL AND

IS LOCATED JUST SOUTH OF THE DUWAMISH SUBSTATION BY 1968 THISTHI SITE WAS

COVERED BY COMMERCIAL DEVELOPMENT

THE DUWAMISH SUBSTATION DRAINAGE SYSTEMSSYSTEM CONTAIN GRAVEL OIL RETENTION

SUMPSSUMP WHICH COLLECT TRANSFORMER AREA RUNOFF BEFORE BEING PUMPED DIRECTLY TO

THE DUWAMISH THE TWO TRANSFORMERSTRANSFORMER AT THISTHI STATION ARE NOT PCB TRANSFORMERS

DRAINAGE FROM THE CAPACITOR BANKSBANK AT THE SUBSTATION DRAINSDRAIN DIRECTLY

ONTO THE SOIL ALL OF THE CAPACITORSCAPACITOR IN THESE BANKSBANK ARE PCB EQUIPMENT

15B SEATTLE CITY LIGHT GEORGETOWN STEAMPLANT REFERENCE NO

THE GEORGETOWN STEAMPLANT WAS LAST OPERATED IN NOVEMBER 1974 SCL

REPRESENTATIVESREPRESENTATIVE STATE THAT NO PCB EQUIPMENT HAS EVER BEEN USED AT THISTHI SITE

11

CARGOO71 14



THE STORM WATER POND LOCATED AT THE SOUTHWEST CORNER OF CITY LIGHTSLIGHT

PROPERTY WAS FOUND TO CONTAIN 500 MGKG PCB IN COMPOSITE SEDIMENT SAMPLE

THE POND RECEIVESRECEIVE FLOWSFLOW FROM SEATTLE CITY LIGHT PROPERTY AND FROM THE KING

COUNTY AIRPORT BOEING FIELD PCBSPCB HAVE ALSO BEEN FOUND IN THE WORTH FIRE

PITSPIT OF BOEING FIELD WHICH DRAIN INTO THE POND BUT AT MUCH LOWER CONCENTRA

TIONS SEATTLE CITY LIGHT IS CONDUCTING AN INVESTIGATION OF THE PCB SOURCESSOURCE

WHICH IS SCHEDULED FOR COMPLETION IN FEBRUARY 1985

SMALL DUMPSITE WAS ALSO LOCATED JUST NORTH OF THE POND AND MAY HAVE

RECEIVED WASTE OILS THE DUMP SITE WAS CLOSED AND CLEANED UP IN 1983 AND

DOESDOE NOT APPEAR TO BE PCB SOURCE

16 IDEAL CEMENT COMPANY 5400 W MARGINAL WAY SOUTHWEST REFERENCE NO

KILN AND TRUCK WASHDOWN WATER ARE DISPOSED OF IN SOAKING PITSETTLING

POND THERE IS ALSO FLUE DUST FILL SITE LOCATED ON WEST MARGINAL WAY SOUTH

AND SOUTH HUDSON

17 CHEMPRO 1980 N47 3325 W122 193 REFERENCE NO

CHEMPRO RECYCLESRECYCLE WASTE SOLVENTS ANALYSISANALYSI OF 1980 COLOR PHOTOGRAPHY

REVEALSREVEAL THAT THISTHI SITE CONTAINED NUMEROUSNUMEROU 55 GALLON DRUMSDRUM MOST OF WHICH WERE

STORED ON CONCRETE PAD AT THE NORTH END OF THE SITE SOLVENTSSOLVENT ARE ALSO

STORED IN SEVERAL UNDERGROUND TANKS GROUND WATER MONITORING STUDY OF THE

CHEMPRO SITE WAS CONDUCTED BY HARPEROWESHARPEROWE IN 1984 FOR CHEMPRO AND HAS NOT

BEEN RELEASED BY THE INDUSTRY

18 MRI MST CHEMICALSCHEMICAL 6000 WEST MARGINAL WAY SOUTHWEST

REFERENCE NOS

MRI WAS CONSTRUCTED IN 1963 AND PROCESSESPROCESSE TIN PLATE SCRAP THE COMPANY

OPERATED TWO EVAPORATIONSEEPAGE LAGOONSLAGOON FOR DISPOSAL OF ITS WASTEWATER UNTIL

1976 WHEN THEY CONNECTED TO THE METRO SEWER SYSTEM THE LAGOONSLAGOON WERE UNLINED

12
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BASINSBASIN OF SIX FOOT DEPTH INTO WHICH ABOUT 3500 GALLONSGALLON PER WEEK WERE DIS

CHARGED IN 1969 THE WASTE WAS REPORTED AS CONTAINING PH OF 11 25000

MGI NAOH 50000 TUGI ALKALINITY AND 200 TO 500 MGL NA25N03 THE WASTE

ALSO CONTAINED HIGH COD AND BOO

SLUDGE FROM THE LAGOON IS REPORTED TO HAVE BEEN REMOVED PERIODICALLY

THE PRESENT QUALITY OF WASTEWATER INPUTSINPUT TO METROSMETRO SEWER FROM MRI CAN BE

FOUND IN TABLE 6

TABLE 6 1981 MRI WASTEWATER QUALITY ANALYSISANALYSI

PARAMETER CONCENTRATION MGI

ALUMINUM 83

ANTIMONY 41
ARSENIC 026

ZINC 30
THALLIUM 087

NICKEL 13

LEAD 36
IRON 110

CADMIUM 020

19 REICHOLD CHEMICAL COMPANY 5900 WEST MARGINAL WAY
REFERENCE NOS

THE REICHOID PLANT MANUFACTURED SYNTHETIC RESINSRESIN FORMALDEHYDE PENTA

CHLOROPHENOLSCHLOROPHENOL AND HYDROCHLORIC ACID HIGHLY TOXIC WASTEWATER WAS DISCHARGED

DIRECTLY INTO THE RIVER UNTIL THE SUMER OF 1955 WHEN CORRECTIVE ACTION WAS

TAKEN BY THE INDUSTRY IN THE FORM OF TEMPORARY SETTLING BASINSBASIN FOR THE WAST

WATER EPA FILESFILE INDICATE THAT THE PLANT WAS CLOSED IN 1958

AERIAL PHOTOGRAPHY TAKEN IN 1960 1961 AND 1970 SHOW THREE WASTEWATER

DISPOSAL PITSPIT CONTAINED BY EARTHEN DIKESDIKE AT THE REICHOLD SITE THE SITE

13
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OCCUPIED APPROXIMATELY 15 ACRES BY 1970 MAJOR DIKE HAD BEEN CONSTRUCTED

TO SEPARATE THE AREA FROM THE RIVER AND THE PROCESSPROCES OF FILLING BEHIND THE DIKE

HAD COMMENCED BY 1974 THE ENTIRE SITE WAS FILLED AND PAVED OVER AND NOW

SERVESSERVE AS TRANSSHIPMENT AREA

20 1940 MI 3295 W122 1945 REFERENCE NO

THISTHI SITE WAS POSSIBLE WASTE PIT CONTAINING WHITETONED MATERIAL BY

1961 THE SITE WAS COVERED BY FILL MATERIAL AND BY 196B COMMERCIALLY AND IN

DUSTRIALLY DEVELOPED

21 1940 N41 328 W122 199 REFERENCE NO

THISTHI SITE CONSISTED OF TWO SMALL DUMP AREAS THE SITE WAS COVERED BY

INDUSTRIAL DEVELOPMENT IN 1961

22 1940 N47 325 W122 190 REFERENCE NO 1
THISTHI SITE WAS SMALL DUMP PROBABLY ASSOCIATED WITH NEARBY INDUSTRY

BY 1961 THE SITE WAS COVERED BY COMMERCIAL DEVELOPMENT ASSOCIATED WITH KING

COUNTY INTERNATIONAL AIRPORT

23 NORTHWEST COOPERAGE COMPANY I152 FIRST AVENUE SOUTH 1961
REFERENCE NOS

NORTHWEST COOPERAGE COMPANY RECONDITIONSRECONDITION AND REPAINTSREPAINT OLD BARRELSBARREL AND

DRUMS AERIAL PHOTOGRAPHY FROM 1961 1968 AND 1974 SHOWSSHOW SEVERAL THOUSAND

DRUMSDRUM STORED THROUGHOUT THE SITE 1980 COLOR PHOTOGRAPHY REVEALSREVEAL GROUND

STAINSSTAIN INDICATING PAST SPILLS

24 LIQUID AIR COMPANY 7560 SECOND AVENUE SOUTH REFERENCE NO

WASTEWATER FROM ACETYLENE PRODUCTION WAS DISPOSED OF IN PONDSPOND UP UNTIL

1979 THE PONDSPOND WERE EXCAVATED AND FILLED BY 1984

14
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25 AIRCO 1940 7700 14TH AVENUE SOUTH REFERENCE NO

THISTHI INDUSTRY HAD TWO PITSPIT CONTAINING WHITE ACETYLENE WASTE MATERIAL

MOST OF THE SITE HAD BEEN DEVELOPED INTO PARKING LOT BY 1961 AT THE NORTH

END OF THE SITE TWO ACRE TRIANGULAR PIT OF 1015 FEET DEPTH STILL EXISTSEXIST

AND RECEIVESRECEIVE CARBIDE RESIDUE FROM ACETYLENE MANUFACTURE CALCIUM CARBONATE

IS ALSO STOCKPILED ONSITE

26 1940 P447 3175 W122 198 REFERENCE NO

IN 1940 THISTHI SITE WAS THE LOCAL GARBAGE DUMP AERIAL PHOTOGRAPHY

INDICATESINDICATE WIDE VARIETY OF WASTE MATERIAL

FROM 1945 TO 1966 THE SITE WAS EXPANDED AND DEVELOPED INTO THE SOUTH

PARK LANDFILL AND OPERATED AS BURNING DUMP BY THE CITY OF SEATTLE UNTIL

1962 PORTION OF THE AREA SERVED AS AN AUTO JUNKYARD TWO LIQUID WASTE

DISPOSAL PONDSPOND WERE LOCATED ON THE SITE ONE CONTAINED LIGHTTONED LIQUID

WITH BLACK MATERIAL ON THE SURFACE THE OTHER DARKTONED LIQUID

IN 1966 SOME OF THE AREA HAD BEEN COVERED OVER AND SOLID WASTE TRANSFER

STATION BUILDINGSBUILDING WERE CONSTRUCTED OVER THE OLD BURN DUMP THE DISPOSAL PONDSPOND

WERE NO LONGER PRESENT AND NEW DUMPING AREASAREA WERE DEVELOPED WITHIN THE GREATER

SITE

BY 1974 SEVERAL ADDITIONAL BUILDINGSBUILDING WERE DEVELOPED ON THE SITE AND

COVERED THE OLD AUTO JUNKYARD AREAS STORAGE YARD ALSO COVERED PART OF THE

SITE IN 1974 AND BY 1980 ALL THE DUMP AREASAREA HAD BEEN DEVELOPED

THE SITE IS REPORTED TO HAVE RECEIVED MANY TYPESTYPE OF WASTE INCLUDING

INDUSTRIAL WASTE GENERATED IN THE ADJACENT INDUSTRIAL AREA SEATTLEKING

COUNTY DEPARTMENT OF PUBLIC HEALTH REPORTSREPORT THAT PERSONAL RECOLLECTIONSRECOLLECTION BY

COMMERCIAL HAULERSHAULER STATE THAT LOTSLOT OF TOXICSTOXIC WENT TO SOUTH PARK

15
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CT

IN FEBRUARY 1983 THREE SOIL BORINGSBORING WERE COMPLETED AT THE SITE THE

BORINGSBORING SHOWED THAT SUBSURFACE SOILSSOIL AT THE SITE CONSISTED OF FILL OVER SAND

THE FILL MATERIAL WAS 10 FEET THICK AND CONSISTED OF LOOSE SILTY GRAVELLY

SAND WITH NUMEROUSNUMEROU BRICK GLASSGLAS FRAGMENTSFRAGMENT AND SCATTERED ORGANICS THE UNDER

LYING SAND WAS OIL COATED AND EXTENDED TO DEPTH OF 22 FEET GROUND WATER

LEVELSLEVEL AT THE TIME OF DRILLING AND TWO WEEKSWEEK AFTER VARIED FROM 10 TO 13 FEET

BELOW THE EXISTING GROUND SURFACE

27 JORGENSEN STEEL 8531 E MARGINAL WAY SOUTH REFERENCE NO

JORGENSEN STEEL EMPLOYED AN ACID HOUSE FOR ETCHING MACHINE PARTSPART WHICH

CONTAINED THREE TANKSTANK TWO FILLED WITH 50 PERCENT MURIATIC ACID AND THE THIRD

WITH RINSE WATER THE TANKSTANK DRAINED INTO CONCRETE WALLED PIT WITH DIRT

BOTTOM WHICH WAS FILLED WITH LIMESTONE ROCKS ANALYSISANALYSI RESULTSRESULT OF THE

SOLUTIONSSOLUTION IN EACH TANK AND THE SOILSSOIL IN THE LIMESTONE PIT CAN BE FOUND IN

TABLE 7 THE PIT WAS CLOSED IN MARCH 1984

JORGENSEN STEEL ALSO OPERATESOPERATE LAYDOWN YARD FOR STORAGE OF METAL SCRAP

THE YARD IS UNPAVED AND CONTAINSCONTAIN PILESPILE OF UNCOVERED SCRAP MATERIAL

28 MALARKEY ASPHALT 8700 DALLASDALLA AVENUE SOUTH REFERENCE NO

MALARKEY ASPHALT MANUFACTURESMANUFACTURE ASPHALT AND ROOFING TAR THERE IS AN

UNLINED WASTEWATER DISPOSAL POND ON THE BANK OF THE RIVER WHICH OCCASIONALLY

OVERFLOWSOVERFLOW INTO THE LIUWAMISH METRO HAS RECENTLY COLLECTED SAMPLE FROM THE

POND AND RESULTSRESULT WILL BE AVAILABLE AFTER MARCH 1985

29 AND BARREL CONIPANY 8604 DALLASDALLA AVENUE 1955 REFERENCE NO
CT

IN THE RECONDITIONING AND REPAINTING OF USED BARRELSBARREL AND DRUMSDRUM THE

AND BARREL COMPANY USED ABOUT ONE TON PER MONTH OF SODIUM HYDROXIDE AS

CLEANING AGENT LIQUID WASTE INCLUDING OILSOIL GREASE AND SODIUM HYDROXIDE
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WERE DISCHARGED INTO SMALL POND WHICH OVERFLOWED DIRECTLY INTO THE DUWAMISH

WASTEWATER CONCENTRATIONSCONCENTRATION CONTAINED 940 MGI NAOH

30 1940 N47 315 W122 179 REFERENCE NO 1

THISTHI SITE WAS SMALL INDUSTRY WITH STOCKPILE OF WHITE MATERIAL THE

STOCKPILE WAS REDUCED BY 1961 AND THE SITE COVERED BY PARKING LOTSLOT BY 1968

3H ACE GALVANIZING 429 SOUTH 96TH REFERENCE NOS

ACE GALVANIZING DISCHARGESDISCHARGE INTO YARD CATCH BASIN WHICH FLOWSFLOW INTO

STORM WATER COLLECTION DITCH WATER SAMPLESSAMPLE COLLECTED IN THE DITCH CONTAINED

TOTAL METALSMETAL CONCENTRATIONSCONCENTRATION UP TO 002 MGI CD 092 MGI CR 074 MGL CU

68 MGI NI 17 MGI PB AND 250 MGI ZN ZINC SLAG IS ALSO STORED ONSITE

32 ADVANCE ELECTROPLATING 9585 8TH AVENUE SOUTH REFERENCE L4OS 48

ADVANCE DISCHARGESDISCHARGE RINSEWATER FROM CHROMIUM COPPER CADMIUM AND NICKEL

ELECTROPLATION AND GALVANIZING PROCESSESPROCESSE INTO NEUTRALIZING PIT WHICH OVER

FLOWSFLOW DIRECTLY INTO THE STORM DRAIN DISCHARGE CONCENTRATIONSCONCENTRATION OF ZINC AND

NICKEL WERE MEASURED AT 930 MGL ZN AND 220 MGL NI

33 KENWORTH TRUCK COMPANY 8801 EAST MARGINAL WAY 1955 REFERENCE HO

ALUMINUM DEOXIDIZING TANK WASTEWATER FROM KENWORTH WAS DISPOSED OF ON

LAND APPROXIMATELY 2000 FEET FROM THE RIVER THE WASTE IS PRESENTLY BEING

TRANSPORTED OFF THE SITE

34 MONSANTO 1961 REFERENCE IJOS

MONSANTO MANUFACTURESMANUFACTURE VANILLIN AND HAS ALSO MANUFACTURED RESINSRESIN IN THE

PAST MONSANTO CURRENTLY DISPOSESDISPOSE OF ITS VANILLIN BLACK LIQUOR SOLIDSSOLID VBLSVBL

AT THE CEDAR HILLSHILL LANDFILL VBLSVBL LEACHATE MEASURED AT CEDAR HILLSHILL HAS HIGH

COD APPROXIMATELY 20000 MGI AND HIGH COPPER CONCENTRATIONSCONCENTRATION 300 MGL

17
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TABLE 7 ANALYSISANALYSI OF JORGENSEN STEEL ETCHING TANK SOLUTIONSSOLUTION
AND PIT CORE SAMPLESSAMPLE

WEST TANK MIDDLE TANK RINSE

ETCHING ETCHING TANK LIMESTONE

SOLUTION SOLUTION SOLUTION CORE PIT

MGI MGL MGL MYKG

TOTAL CADMIUM S4 L002 LO02 L002
TOTAL CHROMIUM 600 920 72 150
TOTAL NICKEL 840 1100 24 38
TOTAL ZINC 76 24 12 36
TOTAL COPPER 230 190 53 42
TOTAL IRON 20000 39000 430 14000
TOTAL LEAD 25 87 L02 L20
TOTAL SELENIUM 08 L02 L02 L20
TOTAL CALCIUM 65 140 22
TOTAL MAGNESIUM 130 230 48
TOTAL CALCIUM AND MAGNESIUM

CALC AS HARDNESSHARDNES CACO3 710 1500 74
WATER SOLUBLE CALCIUM 50
WATER SOLUBLE MAGNESIUM 17
WATER SOLUBLE CALCIUM

CALC AS CACO3 130

EP TOXICITY

ARSENIC 16 L02 2 4
BARIUM L05 L05 LI05 L05
CADMIUM 53 L002 L002 L002
CHROMIUM 600 920 72 L01
LEAD 25 87 L02 L02
MERCURY L0005 L0005 L0005 L0005
SELENIUM 5 L02 L02 L02
SILVER L01 L01 L01 L01

LINDICATESLINDICATE LESSLES THAN

18
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MONSANTO OPERATED LANDFILL FROM APPROXIMATELY 1945 TO 1955 AT THE

PRESENT KENWORTH TRUCK SITE THE LANDFILL SITE IS NOW COVERED BY PARKING

LOT AND IS WELL DRAINED COMPANY REPRESENTATIVESREPRESENTATIVE CLAIM THAT ONLY REACTOR

VESSEL SCALE WAS DEPOSITED IN THE LANDFILL AND THAT THE SCALE CONTAINED ONLY

CALCIUM AND SODIUM CARBONATE CONTAMINATED BY ABOUT4ER APPROXIMATELY

200 TONSTON OF SCALE WERE DEPOSITED AT THE LANDFILL

AERIAL PHOTOGRAPHY FROM 1961 ALSO SHOWSSHOW THAT SEVERAL UNCONTAINED STOR

AGEPROCESSING TANKSTANK AND WASTEWATER DISPOSAL PIT WERE LOCATED ON THE SITE

BY 1974 ADDITIONAL CONTAINED STORAGEPROCESSING TANKSTANK HAVE REPLACED THE UN

CONTAINED TANKSTANK AND WASTEWATER DISPOSAL PIT

35 1940 P447 311 W122 176 REFERENCE NO

THISTHI WAS THE SITE OF PETROLEUM DISTRIBUTOR ALL TANKSTANK WERE CONTAINED

BUT AERIAL PHOTOGRAPHY INDICATESINDICATE PAST SPILLS THISTHI SITE WAS REMOVED BY THE

CONSTRUCTION OF THE KING COUNTY AIRPORT EXTENSION BY 1961

36 1940 1441 3105 W122 1795 REFERENCE NO

THISTHI SITE CONTAINED AT LEAST 10 UNCONTAINED STORAGE TANKSTANK IN 1940 BY

1961 THE NUMBER OF TANKSTANK WAS REDUCED TO FOUR AND BY 1980 THE TANKSTANK WERE

REMOVED AND THE SITE PAVED OVER

37 1961 P447 289 14122 154 REFERENCE HO

THISTHI SMALL INDUSTRIAL FACILITY HAD ONSITE STORAGEPROCESSING TANKSTANK

WHICH WERE UNCONTAINED AERIAL PHOTOGRAPHY SHOWSSHOW THAT BY 1974 AN UNCONTAINED

HORIZONTAL STORAGE TANK HAS BEEN ADDED TO THE SITE 1980 PHOTOGRAPHSPHOTOGRAPH SHOW

SIX ADDITIONAL UNCONTAINED HORIZONTAL TANKS

38 SUNSET DEMOLITION 13300 EMPIRE WAY SOUTH 1985 REFERENCE HO

THISTHI LANDFILL HAS BEEN RECEIVING SOLID WASTESWASTE FROM TODD SHIPYARD AND

JORGENSEN STEEL THE WASTESWASTE DEPOSITED IN THE LANDFILL INCLUDE SANDBLASTING
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WASTE FROM TODD AND FOUNDRY SAND ANDOR POSSIBLY FLY ASH FROM JORGENSEN

THE RUNOFF FROM THE SITEISSITEI REPORTED TO HAVE HIGH LEVELSLEVEL OF COPPER LEAD AND

CHROMIUN4 RUNOFF SAMPLE WAS COLLECTED IN DECEMBER 1984 AND ANALYSISANALYSI OF THAT

SAMPLE SHOULD BE COMPLETED BY JANUARY 1985

PETROLEUM PRODUCTSPRODUCT STORAGE AND SPILLSSPILL

ALTHOUGH ACCIDENTAL SPILLAGE OF OIL AND PETROLEUM PRODUCTSPRODUCT IS NOT TECHNICALLY

WASTE DISPOSAL PRACTICE SEVERAL TANK FARMSFARM ON HARBOR ISLAND AND AROUND THE LOWER

DUWAMISH HAVE HAD MAJOR SPILLS BECAUSE THE AREASAREA AROUND THE TANKSTANK ARE PAVED WITH

ROUGH GRAVEL ANY SPILLAGE WILL SEEP ONTO THE GROUND AROUND THE TANKS SOME OF THE

SPILLED PRODUCT HAS BEEN RECOVERED THROUGH GROUND WATER PUMPING AT CHEVRON AND

SHELL OIL BUT MUCH OF IT MAY STILL BE UNDERNEATH THE TANK FARMSFARM OR MAY HAVE

LEACHED INTO THE DUWAMISH RIVER OILSOIL SOLVENTSSOLVENT LUBRICANTSLUBRICANT AND WOOD PRESERVATIVESPRESERVATIVE

HAVE BEEN STORED AT THE FOLLOWING FACILITIESFACILITIE

ATLANTIC RICHFIELD 1652 SOUTHWEST LANDER HARBOR ISLAND

CHEVRON 1901 EAST MARGINAL WAY SOUTH

GATX TERMINALSTERMINAL 1733 ALASKAN WAY SOUTH

MOBIL OIL 1711 13TH SOUTHWEST HARBOR ISLAND

SHELL OIL 2720 13TH SOUTHWEST HARBOR ISLAND

TEXACO 2555 13TH SOUTHWEST HARBOR ISLAND

THE WASHINGTON DEPARTMENT OF ECOLOGY HAS RECORDSRECORD OF SOME OF THESE SPILLSSPILL AT SOME OF

THESE FACILITIES
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DREDGE AND FILL HISTORY

INTRODUCTION

THE FOLLOWING SECTIONSSECTION DESCRIBE THE HISTORICAL SHORELINE CHANGESCHANGE AND CURRENT

DREDGE AND FILL PRACTICESPRACTICE IN THE DUWAMISH RIVER MOST OF THE MAJOR DREDGE AND FILL

OPERATIONSOPERATION OCCURRED IN THE EARLY 1900S MORE RECENT DREDGE AND FILL OPERATIONSOPERATION

HAVE BEEN GENERALLY LIMITED TO MAINTENANCE DREDGING OF THE MAIN CHANNEL AND TERM

INALSINAL AND FILLING FOR CONSTRUCTION AND EXPANSION OF TERMINALS

THE US ARMY CORPSCORP OF ENGINEERSENGINEER REGULATESREGULATE THE DREDGE AND FILL OPERATIONSOPERATION IN

THE DUWAMISH RIVER AND HAS KEPT RECORDSRECORD OF THESE OPERATIONSOPERATION SINCE 1965 PRIOR TO

1965 ONLY LIMITED INFORMATION SUCH AS HISTORICAL MAPSMAP AND RECORDSRECORD IS AVAILABLE

HISTORICAL SHORELINE AND WETLAND CHANGESCHANGE

BORTLESON ET AL CONDUCTED DETAILED INVESTIGATION OF THE DUWAMISH RIVER

HISTORICAL FEATURESFEATURE AND REPORTED THE FOLLOWING

THE SHORELINE AND WETLAND ENVIRONMENT OF THE DUWAMISH RIVER DELTA

HAS CHANGED DRAMATICALLY IN THE PAST 125 YEARS THE MOST NOTABLE CHANGESCHANGE
SINCE THE EARLIEST SURVEYSSURVEY ARE THE MASSIVE LANDFILL OF THE INTERTIDAL

REACH OF ELLIOTT BAY AND THE CHANNELIZATION OF THE DUWAMISH RIVER

IN 1854 THE DUWAMISH RIVER MEANDERED ACROSSACROS ITS VALLEY ANDENTERED
ELLIOTT BAY THROUGH THREE MAIN DISTRIBUTARY CHANNELS BROAD INTERTIDAL

AREA EXTENDED BAYWARD BEYOND MARSHLANDSMARSHLAND NEAR THE RIVER MOUTH TO NEAR THE

NORTHERN EDGE OF THE PRESENTDAY HARBOR ISLAND SMALLER AREASAREA OF WETLAND

WERE LOCATED IN AN EMBAYMENT SOUTHWEST OF THE WEST WATERWAY EAST OF THE

SMALL PENINSULA OF LAND THAT WAS EARLY SEATTLE

IN 1895 THE FILLING OF THE MARSH AND INTERTIDAL AREA BEGAN WITH THE

DREDGING OF THE EAST WATERWAY MATERIAL DREDGED FROM THE EAST WATERWAY
WAS DEPOSITED AS FILL OVER WIDE AREA OF WHAT TODAY IS HARBOR ISLAND
FROM 1901 TO 1904 SEVERAL THOUSAND CUBIC METERSMETER OF MATERIAL WERE REMOVED

FROM BEACON HILL TO THE INTERTIDAL AREA BJ HYDRAULIC SLUICES BY 1917
THE EAST AND WEST WATERWAYSWATERWAY HAD BEEN FORMED AND MORE THAN 57 SQ KM 22
SQ MI OF INTERTIDAL AREA HAD BEEN FILLED LARGELY BY DEPOSITION OF

DREDGE SPOIL FROM THE TWO WATER WAYSWAY WHICH FLANKED IT ALL THE FORMER
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MARSH EXCEPT SMALL AREA ON THE NORTHERN TIP OF KELLOGG ISLAND HAS BEEN

FILLED OR CONVERTED TO URBAN LAND USE DREDGING TO FORM THE DUWAMISH

WATERWAY HAS CREATED CHANNEL DEEPER THAN THE FORMER NATURAL CHANNEL

AND HAS LENGTHENED THE LANDWARD INCURSION OF SALTWATER IN THE CHANNEL

APPROXIMATE LOCATIONSLOCATION AND DATESDATE OF THE MAJOR CHANGESCHANGE TO THE DUWAMISH RIVER ARE

SHOWN IN FIGURE 4 THE MAIN CHANGESCHANGE TO THE RIVER OCCURRED BETWEEN 1895 AND 1921

WITH THE MAIN CHANNEL CONSTRUCTION COMPLETED IN 1918

FILLING OF THE OLD RIVER CHANNEL WAS BEGUN IN 1918 AND COMPLETED BY

APPROXIMATELY 1960 SEE FIGURE AND OVERLAYSOVERLAY FOR THE OLD RIVER CONFIGURATION

ALTHOUGH THE SOURCE OF THE FILL WAS NOT DOCUMENTED IT CAN BE ASSUMED THAT THE

DREDGE SPOILSSPOIL FROM MAIN CHANNEL CONSTRUCTION WERE USED AS THE PRIMARY FILL MATER

IAL THE SOURCESSOURCE OF MORE RECENT IE POST 1920 CHANNEL FILL IS ALSO UNKNOWN

UNCONSOLIDATED FILL DEPOSITSDEPOSIT CAN CONTAIN CONDUITSCONDUIT FOR GROUND WATER MOVEMENT

AND SPECIAL NOTICE SHOULD BE GIVEN TO WASTE DISPOSAL SITESSITE LOCATED ON FILL MATERIAL

SEE FIGURESFIGURE AND 2 THISTHI CONDITION IS EVIDENCED BY THE SUBSIDING OF GROUND ON

HYDRAULIC FILL ALONG THE DUWAMISH RIVER WHICH OCCURRED DURING THE 1949 AND 1965

EARTHQUAKESEARTHQUAKE APPARENTLY AS RESULT OF LIQUIFICATION DURING GROUND SHAKING USGSUSG

1975

IT IS INTERESTING TO NOTE THAT BACKGROUND ALLUVIAL SEDIMENTSSEDIMENT FROM THE

GREENDUWAMISH RIVER PRESENTLY CONTAIN RATHER HIGH MERCURY CONCENTRATIONSCONCENTRATION AVER

AGE MGKG DRY WT PRESUMABLY FROM THE EROSION OF NATURAL MERCURY VEINSVEIN ADJA

CENT TO THE RIVER IN ITS UPPER REACHESREACHE HARPEROWESHARPEROWE 1983 RIVERDERIVED FILL

MATERIAL MAY ALSO CONTAIN SIMILAR LEVELSLEVEL OF THISTHI METAL THOUGH PREVIOUSPREVIOU SEDIMENT

INPUTSINPUT FROM OTHER RIVER SYSTEMSSYSTEM WHICH HAVE SINCE BEEN DIVERTED OUT OF THE DUWAMISH

THE WHITE AND BLACK RIVERSRIVER IN 1906 AND 1916 RESPECTIVELY MAY HAVE DILUTED THISTHI

CONCENTRATION CONSIDERABLY

22

CARGOO71 25



7

CHA NNE DREDG NG

C4 BAY AND RI VER CHANNEL FILL

FILL ON LAND

FIGURE MAJOR DREDGE AND FILL CONSTRUCTION OF THE

DUWAMISH WATERWAY

ADAPTED FROM SEATTLE URBAN DESIGN 1971
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DREDGE AND FILL PRACTICESPRACTICE

GENERAL

THE US ARMY CORPSCORP OF ENGINEERSENGINEER THE PORT OF SEATTLE AND PRIVATE INDIVIDUALSINDIVIDUAL

AND COMPANIESCOMPANIE CONDUCT DREDGING OPERATIONSOPERATION ON PORTIONSPORTION OF THE DUWAMISH WATERWAY

SEDIMENTSSEDIMENT MUST BE PERIODICALLY DREDGED FOR MAINTENANCE AND CONSTRUCTION OF NAVIGA

TION CHANNELSCHANNEL BERTHSBERTH AND TERMINALSTERMINAL FOR DEEPDRAFT SHIPPING IN THE WATERWAY DIS

POSAL OF THE DREDGED MATERIALSMATERIAL IS REGULATED BY THE CORPSCORP OF ENGINEERSENGINEER UNDER SECTION

404 OF THE CLEAN WATER ACT OF 1977 THE CORPSCORP GRANTSGRANT PERMITSPERMIT FOR THE DISPOSAL OF

DREDGED MATERIALSMATERIAL AT DESIGNATED DISPOSAL SITESSITE SUBJECT TO APPROVAL BY THE USEPA AND

THE WASHINGTON STATE DEPARTMENT OF ECOLOGY THE EPA REQUIRESREQUIRE CHEMICAL TESTING OF

THE MATERIALSMATERIAL TO BE DREDGED AND DETERMINESDETERMINE IF THE MATERIAL CAN BE DISPOSED OF AT

THE OPENWATER DISPOSAL AREA IN ELLIOTT BAY FOUR MILE ROCK DREDGE MATERIAL

JUDGED BY THE EPA TO BE TOO CONTAMINATED FOR OPENWATER DISPOSAL IS EITHER CON

TAINED AND CAPPED IN SHORELINE FILLSFILL OR PLACED IN CONFINED UPLAND DISPOSAL AREAS

CORP OF ENGINEERSENGINEER

THE CORPSCORP OF ENGINEERSENGINEER CONDUCTSCONDUCT MAINTENANCE DREDGING OF THE MAIN CHANNEL OF

THE DUWAMISH ABOUT EVERY ONE OR TWO YEARS SUMMARY OF THE CORPSCORP MAINTENANCE

DREDGING OF THE WATERWAY IS PRESENTED IN TABLE 8 ALL CORPSCORP OF ENGINEERSENGINEER MAINTE

NANCE DREDGE SPOILSSPOIL HAVE BEEN DISPOSED OF AT FOUR MILE ROCK

PORT OF SEATTLE

PORT OF SEATTLE DREDGE AND FILL RECORDSRECORD ARE PRESENTED IN TABLE 9 NO RECORDSRECORD

HAVE BEEN FOUND WHICH IDENTIFY THE LOCATIONSLOCATION OF THE UPLAND DISPOSAL SITES MOST

UPLAND DISPOSAL SITESSITE HOWEVER ARE MOST LIKELY LOCATED NEAR THE DREDGING SITE IN

ORDER TO MINIMIZE TRANSPORTATION COSTS

FIGURESFIGURE THROUGH SHOW TERMINAL DISPOSAL AREASAREA WHICH HAVE RECEIVED DREDGE

SPOILS SOME UPLAND DISPOSAL SITESSITE HAVE BEEN IDENTIFIED FROM AREAL PHOTOGRAPHY

HOWEVER THE SOURCE OF THEDREDGE MATERIAL IS UNKNOWN
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TABLE 8 SUNINARY OF DUWAMISH WATERWAY MAINTENANCE

DREDGING QUANTITIESQUANTITIE 19601984

MAINTENANCE DREDGING RN3YEAR

CUE 092 CUE 92157 CUE 157223 CUE 223276
YEAR KM 124 KM 46 KM 68 KM 810

1960 0 U 36800 188000
1961 0 78100 0 0
1962 0 0 0 0
1963 0 0
1964 6600 41200 192200 413700
1965 0 0 0
1966 U
1967 0 U 0 0
1968 6100 74400 49700 314100
1969 0 U
1970 0 0 0 0
1971 0 248600
1972 U
1973 0 0 0 0
1974 0 0 0 100700
1975 0 0 0 219400
1976 0 44300 215600
1977 29100 37500 131900
1978 0 110400 22900
1979 0 0 0
1980 U 0 157200
1981 0 0 92100
1982 0 U 95600
1983 0 96500
1984 540 0 0 67300

AVERAGE 1600 9200 16000 88500
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TABLE 9 PORT OF SEATTLE DREDGE RECORD FOR THE DUWASISH WATERWAY

DREDGE

TERMINAL 1969 22100 UPLAND SITE

TERMINAL 1969 425 TERMINAL SITE

TERMINAL 1971 12700 UPLAND SITE

TERMINAL 18 1966 100000 TERMINAL 18 FILL

TERMINAL 18 1967 62000 TERMINAL 18 FILL

TERMINAL 18 1971 14400 UPLAND SITE

TERMINAL 19 1974 85500 PAMCO DUWAMISH BOULEVARD

DISPOSAL SITESSITE

TERMINAL 20 1971 14400 UPLAND SITE

TERMINAL 20 1973 72200 KELLOGG ISLAND

TERMINAL 20 1978 4380 TERMINAL 42 FILL SITE

TERMINAL 25 1971 8920 UPLAND SITE

TERMINAL 25 1971 67900 NOT KNOWN

TERMINAL 25 1972 13200 NOT KNOWN

TERMINAL 25 1973 1890 FOUR MILE ROCK

TERMINAL 25 1978 15900 TERMINAL 42 FILL SITE

TERMINAL 30 1971 34000 UPLAND SITE

TERMINAL 30 1978 15900 TERMINAL 30 FILL SITE

TERMINAL 46 1979 162000 TERMINAL 30 FILL

TERMINAL 105 1967 110000 UPLAND SITE

TERMINAL 105 1967 5090 TERMINAL 105 FILL

TERMINAL 105 1978 9770 TERMINAL 42 FILL SITE

TERMINAL 115 1969 754800 TERMINAL 115 FILL

TERMINAL 115 1978 41900 TERMINAL 42 FILL SITE

TERMINAL 115 1979 16600 FOUR MILE ROCK

TERMINAL 128 1974 101000 FOUR MILE ROCK

TERMINAL 128 1974 59600 TERMINAL 115 FILL

TERMINAL 128 1974 13800 TERMINAL 128 FILL

TERMINAL 128 1975 74200 P2 FILL
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FILL MATERIAL QUANTITIESQUANTITIE DEPOSITED AT PORT OF SEATTLE TERMINAL FILL SITESSITE ARE

PRESENTED IN TABLE 10 TABLE 11 QUALITATIVELY INDICATESINDICATE THE POTENTIAL FOR ELEVATED

CONCENTRATIONSCONCENTRATION OF HEAVY METALSMETAL PCB AND PAM IN THE DREDGE SPOILSSPOIL USED AS FILL FOR

EACH TERMINAL SITE THE REPORTED CONCENTRATIONSCONCENTRATION ARE BASED ON THE ANNUAL DEPOSI

TIONWEIGHTED VALUESVALUE FOR THE MAIN CHANNEL REACH ADJACENT TO THE DREDGED TERMINAL

HARPEROWESHARPEROWE 1983 IT SHOULD BE NOTED THAT THE ACTUAL CONCENTRATIONSCONCENTRATION OF THE

TERMINAL DREDGE SPOILSSPOIL ARE NOT KNOWN THE MAIN CHANNEL CONCENTRATIONSCONCENTRATION ARE PRE

SENTED ONLY TO INDICATE THE POSSIBLE ORDER OF MAGNITUDE OF LEVELSLEVEL PRESENT IN THE

DREDGE SPOILS

PRIVATE INDIVIDUALSINDIVIDUAL AND COMPANIESCOMPANIE

SEVERAL LANDOWNERSLANDOWNER ALONG THE DUWAMISH WATERWAY PERIODICALLY ENGAGE IN DREDGE

AND FILL PRACTICES SUMMARY OF THE CORPSCORP OF ENGINEERSENGINEER PERMITSPERMIT WHICH REGULATE THE

DREDGE AND FILL ACTIVITY IS PRESENTED IN TABLE 12 MOST OF THE DREDGE MATERIAL HAS

BEEN DISPOSED OF AT FOUR MILE ROCK AGAIN WHEN UPLANDSUPLAND DISPOSAL IS INDICATED THE

DISPOSAL SITE IS UNKNOWN

PCB SPILL AND CLEANUP

ON SEPTEMBER 13 1974 AN ELECTRIC TRANSFORMER DESTINED FOR ARCTIC SERVICE

WAS DROPPED AND BROKEN ON THE NORTH PIER OF SLIP OF THE DUWAMISH RIVER AS

RESULT PCB TRANSFORMER FLUID AROCLOR 1242 WAS DISCHARGED ONTO THE PIER AND INTO

THE WATER AFTER BECOMING AWARE OF THE TYPE AND QUANTITY OF FLUID SPILLED EPA

ACTED TO DETERMINE THE EXTENT OF POLLUTION ONCE DETERMINED FEASIBLE CLEANUP OF

THE FLUID WAS ATTEMPTED USING SEVERAL HAND DREDGES

RESULTSRESULT FROM EPA REGION LABORATORYSLABORATORY MONITORING OF THISTHI INITIAL CLEANUP

OPERATION INDICATED ONLY EIGHTY OF AN ESTIMATED 255 GALLONSGALLON OF PCB WERE RECOVERED

AND THE REMAINING FLUID HAD BEGUN TO SPREAD THROUGHOUT THE SLIP AND INTO THE RIVER

CHANNEL BLAZEVICH ET AL 1977 RECOGNIZING THE SERIOUSNESSSERIOUSNES OF THISTHI PROBLEM

EPA AND THE ARMY CORPSCORP OF ENGINEERSENGINEER CONDUCTED SECOND RECOVERY OPERATION TO REMOVE

THE REMAINING PCB USING HYDRAULIC DREDGE
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TABLE 10 PORT OF SEATTLE TERMINALSTERMINAL FILL QUANTITIESQUANTITIE

TERMINAL QUANTITY OF FILL CM3 SOURCE OF FILL MATERIAL

TERMINAL 425 ONSITE DREDGING

TERMINAL 18 162000 ONSITE DREDGING
TERMINAL 18 346 ONSITE MATERIAL ANDOR

DREDGING

TERMINAL 25 NOT KNOWN NOT KNOWN

TERMINAL 30 15900 ONSITE DREDGING
TERMINAL 30 162000 TERMINAL 46 DREDGING
TERMINAL 30 13000 ONSITE MATERIAL ANDOR

DREDGING

TERMINAL 42 4380 TERMINAL 20 DREDGING
TERMINAL 42 15900 TERMINAL 15 DREDGING
TERMINAL 42 9770 TERMINAL 105 DREDGING
TERMINAL 42 41900 TERMINAL 115 DREDGING

TERMINAL 102 NOT KNOWN NOT KNOWN

TERMINAL 105 5090 ONSITE DREDGING
TERMINAL 105 12000 TERMINAL 1820 DREDGING

TERMINAL 106 NOT KNOWN TERMINAL 102

TERMINAL 107 54000 TERMINAL 20

TERMINAL 107 4000 NOT KNOWN

TERMINAL 115 754800 ONSITE DREDGING
TERMINAL 115 59O0 TERMINAL 128 DREDGING

TERMINAL 128 13800 ONSITE DREDGING
TERMINAL 128 23000 ONSITE MATERIAL ANDOR

DREDGING

THISTHI DISPOSAL SITE IS CURRENTLY BEING INVESTIGATED BY THE PORT OF SEATTLE TO

DETERMINE IF THE DREDGE SPOILSSPOIL HAVE RESULTED IN SIGNIFICANT CONTAMINATION OF

LOCAL GROUND WATER 3 DOHRMAN PORT OF SEATTLE PERSONAL COMMUNICATION
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TABLE 11 TYPICA CHEMIC QUALITY OF MAIN CHANNEL SEDIMENTSSEDIMENT
ADJACENT TO CONSTRUCTION DREDGE SITESSITE MGKG DRY WT

DREDGE
ARSENIC8 CADMIUM8 COPPER8 MERCURY8 LEADA ZINC8 PGB PARC

50 270 LU 510 510 05

18 40 100 LI 150 200 15

TERMINAL 19 40 100 LU 150 200 15

TERMINAL 20 40 100 LU 150 200 15

TERMINAL 25 40 100 UI 150 200 15

TERMINAL 30 40 100 LU 150 200 15

TERMINAL 46

TERMINAL 105 30 80 LU 130 310 25

TERMINAL 115 20 40 LU 40 110 13

TERMINAL 128 30 40 100 13

819724992

B19731977

C19781982 PAR DENOTESDENOTE POLYNUCLEAR AROMATIC HYDROCARBONSHYDROCARBON
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TABLE 12 PRIVATE DREDGE AND FILL OPERATIONSOPERATION
ALONG THE DUWAMI SIT WATERWAY

DREDGE SPOILSSPOIL
DATE NAME WORK DESCRIPTION DISPOSAL

1965 WASHINGTON STATE HIGHWAYSHIGHWAY DREDGE

1965 55 MULLEN INC SLIP DREDGE AND DISPOSAL FILL

1965 IDEAL CEMENT FILL

1966 55 MULLEN INC DREDGE AND FILL

1966 RC CROW FILL

1967 DUWAMISH SHIPYARD DREDGE

1968 MONSANTO DREDGE

1969 BOEING FILL

1969 MANSON CONSTRUCTION DREDGE AND DISPOSAL

1969 KAISER CEMENT DREDGE

1970 GLACIER SAND AND GRAVEL FILL CONSTRUCTION RUBBLE

1970 CITY OF SEATTLE DREDGE

S IDAHO STREET

1970 MONSANTO DREDGE

1972 NORTHWESTERN GLASSGLAS FILL

1973 MONSANTO DREDGE
1973 BOEING FILL

1973 BOYER TOWING DREDGE
1973 PACIFIC CONSTRUCTION DREDGE
1973 HURL EN CONSTRUCTION DREDGE
1973 SEABOARD LUMBER DREDGE

1974 BOULEVARD EXCAVATING DREDGE AND FILL

1975 MONSANTO DREDGE AND DISPOSAL

1976 BOYER ALASKA BARGELINESBARGELINE DREDGE

1976 BRUCE HANSEN DREDGE
1976 DELTA MARINE DREDGE

1977 HALE AND GILMUR DREDGE

1977 CHIYODA INTERNATIONAL FILL

1977 MANSON CONSTRUCTION FILL
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TABLE 12 CONTINUED

DREDGE SPOILSSPOIL
DATE NAME WORK DESCRIPTION DISPOSAL

1977 AWL SAND AND GRAVEL FILL

1977 DUWAMISH MARINA DREDGE AND DISPOSAL

1977 TAYLOR EL FILL

1978 POTT TOM FILL

1978 NAIFONOV SA FILL

1978 SEABOARD LUMBER DREDGE
1978 HALESHALE CONSTRUCTION FILL

1978 UTILITIESUTILITIE WAREHOUSE FILL

1978 MANSON CONSTRUCTION DREDGE AND FILL

1978 SLATER ROBERT W FILL

1978 IDEAL CEMENT MAINTENANCE DREDGING FOUR MILE ROCK

1979 KAISER CEMENT DREDGE FOUR MILE ROCK

1979 MARINE POWER EQUIPMENT DREDGE AND FILL

1980 HURLER CONSTRUCTION DREDGE FOUR MILE ROCK

1980 LONE STARR DREDGE MTL USED IN

CEMENT KILNSKILN

1981 MARINE POWER EQUIPMENT DREDGE 65000 M3 FOUR MILE ROCK

YEARSYEAR
1981 DELTA MARINE DREDGE FOUR MILE ROCK

1981 FOSSFOS ALASKA LINE DREDGE FOUR MILE ROCK

1981 GENERAL CONSTRUCTION DREDGE FOUR MILE ROCK

1981 LYNDEN TRANSPORT DREDGE AND FILL FILL BEHIND BULK

HEAD FOUR MILE

ROCK

1981 DUWAMISH SHIPYARD DREDGE 9200 M3 FOUR MILE ROCK

1981 DUWAMISH SHIPYARD MAINTENANCE DREDGING FOUR MILE ROCK

YEARSYEAR
1981 MARINE POWER EQUIPMENT FILL

1982 HALE AND GILMUR DREDGE 4600 M3 UPLAND DISPOSAL

6343 FIRST AVE S
1982 DUWAMISH YACHT CLUB DREDGE 460 M3 UPLAND DISPOSAL

1982 DUWAMISH YACHT CLUB MAINTENANCE DREDGING FOUR MILE ROCK

1982 MORTON MARINE EQUIPMENT MAINTENANCE DREDGING FOUR MILE ROCK

YEARSYEAR
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TABLE 12 CONTINUED

DREDGE SPOILSSPOIL
DATE NAME WORK DESCRIPTION DISPOSAL

1982 GENERAL CONSTRUCTION MAINTENANCE DREDGING FOUR MILE ROCK

YEARSYEAR
1982 WESTERN MARINE CONSTRUCTION DREDGE FOUR MILE ROCK

1982 HALE AND GILMUR FILL

1983 LYNDEN TRANSPORT MAINTENANCE DREDGING FOUR MILE ROCK

10 YEARSYEAR
1983 MUCKLESHOOT INDIAN TRIBE FILL

1983 MANSON CONSTRUCTION DREDGE 5400 M3 FOUR MILE ROCK

1983 MANSON CONSTRUCTION MAINTENANCE DREDGING FOUR MILE ROCK

600 M3YEAR10 YEARSYEAR

1984 KAISER CEMENT MAINTENANCE DREDGING FOUR MILE ROCK

10 YEARSYEAR
1984 BOEING MILITARY FILL

1984 STEINMAN MERLE DREDGE 140 M3 UPLAND DISPOSAL

7410 5TH AVE S

1 INFORMATION CURRENTLY NOT AVAILABLE MAY BE AVAILABLE IN

CORPSCORP OF ENGINEERSENGINEER ARCHIVES
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THE CORPSCORP OF ENGINEERSENGINEER PIPED THE CONTAMINATED SEDIMENTSSEDIMENT TO DISPOSAL SITE

PREPARED ON LAND 2000 FEET NORTH OF THE SLIP AND IMMEDIATELY ADJACENT TO THE RIVER

FIGURE 1 ALL DREDGE SPOIL WATER FROM THE HYDRAULIC DREDGE WAS TREATED WITH

FLOCCULENT PASSED THROUGH THREE UNLINED DISPOSAL PONDSPOND AND FILTERED THROUGH BOTH

PARTICLE FILTER AND AN ACTIVATED CARBON TREATMENT UNIT EFFLUENT WATER FROM THE

TREATMENT SYSTEM CONTAINED ACCEPTABLY LOW PCB LEVELSLEVEL 03 UGL TO WARRANT RETURN

DISCHARGE TO THE DUWAMISH BLAZEVICH ET AL 1977 MOST OF THE PCB TREATMENT

HOWEVER RESULTED FROM PARTICULATE DEPOSITION WITHIN THE DISPOSAL PONDSPOND WHICH AC

CUMULATED ANESTIMATED 5470 M3 OF SEDIMENTS THE PCB CONCENTRATION OF THESE

DREDGE SPOILSSPOIL VARIED FROM 31 TO 185 MGKG WET WEIGHT WITH THE HIGHER CONCENTRATION

GENERALLY OCCURING AT SITESSITE CLOSEST TO THE RIVER THE VOLUMEWEIGHTED AVERAGE CON

CENTRATION WAS ESTIMATED AT 116 MGKG AS WET WEIGHT OR ROUGHLY 180 MGKG AS DRY

WEI GHT
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MUNICIPALITY OF METROPOLITAN SEATTLE

MANUAL OF GROUND WATER SAMPLING PROCEDURESPROCEDURE

THE OBJECTSOBJECT OF THE SAMPLING PROCEDURESPROCEDURE DESCRIBED IN THISTHI MANUAL

ARE TO MINIMIZE CHANGESCHANGE IN GROUND WATER CHEMISTRY DURING

SAMPLE COLLECTION AND TRANSPORT TO THE LABORATORY AND TO

MAXIMIZE THE PROBABILITY OF OBTAINING REPRESENTATIVE GROUND

WATER SAMPLE WORKING KNOWLEDGE OF THE CHEMICAL PROCESSESPROCESSE THAT

CAN INFLUENCE THE CONCENTRATION OF DISSOLVED SPECIESSPECIE IS BENEFIT

TO THE SAMPLER AS WELL AS SOME EXPERIENCE IN HYDROGEOLOGY

PREPARATION AND MOBILIZATION

BEFORE EMBARKING ON ANY SAMPLING RUN THE SAMPLERSSAMPLER SHOULD

DETERMINE WHAT CONSTITUENTSCONSTITUENT WILL BE TESTED IN THE LABORATORY TO

ALLOW EFFICIENT PLANNING OF EQUIPMENT AND MATERIAL NEEDS ONE

SHOULD ALSO DETERMINE IF PREVIOUSPREVIOU SAMPLING RESULTSRESULT OR OTHER SITE

DATA INDICATE DANGEROUSTOXIC CONTAMINANT LEVELSLEVEL IN ANY OF THE

MONITORING WELLSWELL AND ARRANGE FOR PROPER PROTECTIVE EQUIPMENT AND

CLOTHING THE EQUIPMENT NEEDED FOR INORGANIC SAMPLING INCLUDESINCLUDE

SUCTION PUMP PREFERABLY PERISTALTIC WITH EDUCTOR TUBING

PREFERABLY POLYETHYLENE

ELECTRIC SUBMERSIBLE PUMP WHERE REQUIRED LIFTSLIFT ARE GREATER

THAN 25 FEET
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GENERATOR FOR ELECTRIC SUBMERSIBLE PUMPS

MIDDLEBURGTEPUMA GEOTECH AND ACCOMPANYING TUBING

REGULATOR GAS AND LOGIC UNIT

TEFLON BAILER

PVC BAILERSBAILER AND 112
FIELD FILTERING UNIT GEOTECH

TEMPERATURE PH EH AND CONDUCTIVITY PROBESMETERS

WATER LEVEL DETECTOR NSCOPE OR SIMILAR ELECTRICAL DEVICE

EXTRA ROPE TYPE

WEED WACKER TYPE MONOFILAMENT TO USE AS BAILER LINE LONG

ENOUGH FOR DEEPEST WELL

WASHRINSE SUPPLIESSUPPLIE INCLUDING IVORY SNOW OR SIMILAR DETERGENT

SPONGESSPONGE BOTTLE BRUSHESBRUSHE PORTABLE WASH TUB AND PAPER TOWELS

DISTILLED OR DEIONIZED RINSE WATER APPROXIMATELY

GALLONWELL

DISPOSABLE GLOVES

PREFILTER AND 045 MICRON FILTERSFILTER SCHLEICHER AND SHUELL 29

AND BA 85 OR EQUIVALENT

TOOL BOX WITH WRENCHESWRENCHE SCREWDRIVERSSCREWDRIVER PLIERSPLIER TAPE SPARE

PARTSPART AND TAPE MEASURE MARKED IN FEET AND TENTHS

ADDITIONAL EQUIPMENT SHOULD BE TAKEN INTO THE FIELD WHEN THE

WATER WILL BE LAB TESTED FOR ORGANIC CONSTITUENTSCONSTITUENT

SYRINGE SAMPLER WITH TUBING AND VACUUM PUMP

LAB GRADE METHANOL FOR EQUIPMENT CLEANING
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THE SAMPLERSSAMPLER SHOULD ALSO EXAMINE PREVIOUSPREVIOU LABORATORY RESULTSRESULT OR

OTHER WELL DATA AND PLAN SAMPLING SEQUENCE THAT PROGRESSESPROGRESSE FROM

THE LEAST CONTAMINATED MONITORING WELL TO THE MOST CONTAMINATED

SUCH SAMPLING PROGRESSION WOULD MINIMIZE THE POSSIBILITY OF

CROSSCROS CONTAMINATION IN CASESCASE WHERE WELL IS EXTREMELY

CONTAMINATED WITH ORGANIC SLUDGESSLUDGE IT IS ADVISABLE TO DEDICATE

BAILER TO THE WELL RATHER THAN USING SYRINGE SAMPLER OR

MIDDLEBURG TYPE PUMP WHICH ARE EXPENSIVE AND MORE DIFFICULT TO

CLEAN

ALSO NOTE WHICH WELLSWELL RECOVER FROM PUMPING SLOWLY AND PLAN TO

INITIATE WELL EVACUATION AT THOSE WELLSWELL FIRST WHERE SLOW

RECOVERY HIGHLY CONTAMINATED WELLSWELL EXIST THE SAMPLER MUST JUDGE

THE TRADE OFF OF FIELD TIME VERSUSVERSU POSSIBLE CROSSCROS CONTAMINATION

SAMPLING METHODSMETHOD WELL EVACUATION

PORE VOLUME CALCULATION

1 MEASURE THE DEPTHTOWATER WITH AN HSCOPE OR SIMILAR DEVICE

2 COMPUTE THE HEIGHT OF WATER IN THE WELL BY SUBTRACTING THE

DEPTHTOWATER FROM THE DEPTH TO THE BOTTOM OF THE SCREENED

INTERVAL
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3 MULTIPLY THE HEIGHT BY THE APPROPRIATE CONSTANT TO OBTAIN THE

VOLUME OF WATER IN THE WELL FOR DEPTH MEASUREMENTSMEASUREMENT MADE IN

FEET AND FOR RESULTSRESULT IN GALLONSGALLON MULTIPLY WATER COLUMN HEIGHT

BY 147 GALLONSFT FOR DIAMETER WELLSWELL 037 GALLONSFT

FOR DIAMETER WELLSWELL AND 016 GALLONSFT FOR DIAMETER

WELLS FOR EXAMPLE 38 FOOT DEEP INCH DIAMETER

MONITORING WELL WITH DEPTHTOWATER OF 2452 FEET HAS

PORE VOLUME OF 495 GALLONS

EVACUATION PUMP SELECTION TABLE

WELL EVACUATION METHOD BEST WHEN USED

MIDDLEBURG TYPE PUMP WATER TABLE BELOW SUCTION LIFT WHEN

EG GEOTECH WELL DOESDOE NOT HAVE PERMANENTLY
INSTALLED PUMP USED WHEN WATER
LEVEL RECOVERY RATESRATE ARE MODERATE
TO HIGH PUMP MUST BE COMPLETELY
SUBMERGED

PERISTALTIC PUMP WATER TABLE WITHIN SUCTION LIFT
USED ON WELLSWELL THAT REQUIRE LESSLES
THAN APPROXIMATELY GALLONSGALLON OF

WATER REMOVAL FOR ADEQUATE
EVACUATION GOOD FOR SLOW RECOVERY
WELLS

CENTRIFUGAL PUMP WATER TABLE WITHIN SUCTION LIFT ON

WELLSWELL THAT HAVE MODERATE TO HIGH

RECOVERY RATES CANNOT BE USED FOR

SAMPLING

BAILER TEFLON STAINLESSSTAINLES ON SLOW RECOVERY WELLSWELL AND ON WELLSWELL
STEEL OR PVC WHERE ACCESSACCES IS DIFFICULT

ELECTRIC SUBMERSIBLE ON WELLSWELL WHERE PUMP IS PERMANENTLY

PUMP INSTALLED OR DEEP LARGE DIAMETER
WELLSWELL WHERE USE OF LOW YIELD PUMPSPUMP
NOT PRACTICAL

CARGOO71 42



PUMP CLEANING

BEFORE ANY EQUIPMENT GOESGOE INTO THE WELL IT SHOULD BE WASHED AND

RINSED WITH DISTILLED OR DEIONIZED WATER FOR PUMPSPUMP THISTHI MEANSMEAN

THOROUGHLY CLEANING THE EXTERIOR AND FLUSHING THE PUMP WITH

DISTILLED WATER BAILERSBAILER ARE EASIER TO CLEAN ESPECIALLY WHEN

LONG HANDLED BOTTLE BRUSH IS AVAILABLE ONLY THAT PORTION OF THE

EQUIPMENT THAT IS GOING TO COME IN CONTACT WITH WELL WATER NEEDSNEED

TO BE CLEANED IF THE WELL HAS ONLY 15 FEET OF WATER IT IS NOT

NECESSARY TO CLEAN 60 FEET OF HOSE

WELL EVACUATION

THERE IS NO SET OR PREESTABLISHED OPTIMUM NUMBER OF PORE

VOLUMESVOLUME THAT MUST BE EVACUATED PRIOR TO SAMPLING THE PUMP

DISCHARGE SHOULD BE MEASURED SO THAT THE SAMPLER KNOWSKNOW HOW MANY

PORE VOLUMESVOLUME HAVE BEEN REMOVED SOME WELLSWELL RECOVER SO SLOWLY

THAT THE SAMPLER MAY FIND IT ADVANTAGEOUSADVANTAGEOU TO REMOVE PORE

VOLUME MOVE ON TO ANOTHER WELL AND RETURN AFTER SOME TIME HAS

ELAPSED

RESEARCH INDICATESINDICATE MINIMUM OF PORE VOLUMESVOLUME GENERALLY MUST BE

EVACUATED BEFORE GROUND WATER IN THE WELL BEGINSBEGIN TO STABILIZE

CHEMICALLY AND REPRESENTATIVE SAMPLE CAN BE TAKEN THE

SAMPLERSSAMPLER SHOULD PERIODICALLY MONITOR THE PH CONDUCTIVITY AND

TEMPERATURE OF THE GROUND WATER DURING EVACUATION TO DETERMINE

WHEN IT HAS STABILIZED UP TO PORE VOLUMESVOLUME MAY HAVE TO BE

REMOVED BEFORE THESE CONSTITUENTSCONSTITUENT STABILIZE AND

REPRESENTATIVE SAMPLE CAN BE TAKEN
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SAMPLE COLLECTION

GROUND WATER SAMPLE COLLECTION SHOULD TAKE PLACE RIGHT AFTER WELL

EVACUATION GENERALLY THE SAME DEVICE CAN BE USED FOR SAMPLE

COLLECTION AS WAS USED FOR WELL EVACUATION HOWEVER WATER

SAMPLESSAMPLE SHOULD NOT BE COLLECTED WITH THE CENTRIFUGAL PUMP BECAUSE

OF UNACCEPTABLE AERATION IF WELL WAS EVACUATED WITH

CENTRIFUGAL PUMP IT CAN BE SAMPLED WITH BAILER OR PERISTALTIC

PUMP WELLSWELL EVACUATED WITH PERISTALTIC OR MIDDLEBURG PUMP OR

WITH BAILER CAN AND PROBABLY SHOULD BE SAMPLED USING THE SAME

METHOD EXCEPT FOR VOLATILE ORGANICSORGANIC TO SAVE TIME AND AVOID THE

ADDITIONAL CHANCE OF POSSIBLE CONTAMINATION BY INTRODUCING MORE

EQUIPMENT INTO THE WELL

WHEN USING THE MIDDLEBURG TYPE PUMP OR BAILER THE SAMPLE WATER

SHOULD BE COLLECTED IN GLASSGLAS POLYETHYLENE OR PVC CONTAINER

NOT THE BOTTLE PROVIDED BY THE LAB THAT HAS BEEN DETERGENT

ANDOR METHANOL CLEANED AND THEN RINSED SEVERAL TIMESTIME AT LEAST

IN THE PREVIOUSLY EVACUATED WELL WATER GLASSGLAS CONTAINERSCONTAINER CAN

BE CLEANED AND REUSED BUT THE PLASTIC SHOULD BE DISCARDED AFTER

USE

AFTER COLLECTION IN SUITABLE CONTAINER THE SAMPLE IS FILTERED

THROUGH GLASSGLAS PREFILTER AND 045 MICRON MEMBRANE FILTER

DIRECTLY INTO THE CONTAINERSCONTAINER PROVIDED BY THE TESTING LAB OPTION

FIGURE 1 IF THE PERISTALTIC PUMP IS USED FOR SAMPLE

COLLECTION WATER CAN BE PULLED DIRECTLY FROM THE WELLRATHER
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THAN COLLECTION BOTTLE AND FILTERED INTO THE LABORATORY

CONTAINER OPTION FIGURE 1 SAMPLESSAMPLE TO BE LAB TESTED FOR

VOLATILE ORGANICSORGANIC OR BACTERIA MUST NOT BE FILTERED MORE ON

VOLATILE ORGANICSORGANIC SAMPLING LATER ALL SAMPLESSAMPLE SHOULD BE

TRANSFERRED IMMEDIATELY INTO AN ICE PACKED COOLER AND SHOULD BE

TAKEN TO THE LABORATORY WITHIN 24 HOURS

FIELD FILTERING CONSIDERATIONSCONSIDERATION

IN ORDER TO MINIMIZE FIELD FILTERING TIME LARGE DIAMETER 142

MM FILTERSFILTER SHOULD BE USED TO FILTER SAMPLESSAMPLE WITH HIGH CLAY

CONCENTRATIONSCONCENTRATION PREFILTER SUCH AS THE SCHLEICHER AND SCHUELL 29

GLASSGLAS PREFILTERSPREFILTER SHOULD BE USED IF THE PREFILTER BECOMESBECOME SO

CLOGGED THAT FLOW INTO THE COLLECTION BOTTLE IS NEGLIGIBLE THE

PREFILTER SHOULD BE REPLACED THE OPTIMAL FILTERING PRESSURE FOR

THE MEMBRANE FILTERSFILTER IS ABOUT 20 PSI SO LOW PRESSURE

PERISTALTIC PUMP SHOULD BE USED

BETWEENWELLSBETWEENWELL THE FILTER APPARATUSAPPARATU SHOULD BE THOROUGHLY WASHED

AND RINSED WITH DISTILLED WATER AND THE PREFILTER AND FILTER

REPLACED IFORGANICSIFORGANIC WILLBETESTEDTHENTHEF APPARATUSAPPARATU

SHOULD BE RINSED WITH METHANOL BETWEEN THE WASH AND RINSE IN

ALL FILTERING SITUATIONSSITUATION AT LEAST 50100 ML OF WELL WATER SHOULD

BE RUN THROUGH THE PERISTALTIC PUMP AND FILTER BEFORE ACTUAL

SAMPLE COLLECTION TO FLUSH OUT ANY REMNANTSREMNANT OF DISTILLED WATER
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VOLATILE ORGANICSORGANIC SAMPLING

SINCE VOLATILE ORGANICSORGANIC ESCAPE RAPIDLY INTO THE ATMOSPHERE THE

SAMPLER MUST MINIMIZE THE SAMPLESSAMPLE EXPOSURE TO AIR ONE SHOULD

USE DETERGENT WASHED METHANOL RINSED DISTILLED WATER RINSED

SYRINGE SAMPLER TO COLLECT SAMPLES IF SYRINGE SAMPLER IS

UNAVAILABLE SIMILARLY WASHED TEFLON OR STAINLESSSTAINLES STEEL BAILER

WILL SUFFICE AFTER COLLECTION THE SAMPLE IS TRANSFERRED

DIRECTLY INTO THE VOA BOTTLESBOTTLE PROVIDED BY THE TESTING LABORATORY

EXTREME CAUTION SHOULD BE USED IN FILLING AND CAPPING THE VOA

BOTTLESBOTTLE TO PREVENT ANY AIR FROM BEING TRAPPED INSIDE THEM

BOTTLED SAMPLESSAMPLE MUST BE KEPT ON ICE AND SHOULD BE DELIVERED TO

THE LABORATORY WITHIN 24 HOURS

FIELD WATER QUALITY TESTING

CERTAIN WATER QUALITY TESTSTEST CAN ONLY BE MADE IN THE FIELD EG
TEMPERATUREAND OTHER FIELD MEASUREMENTSMEASUREMENT IF PROPERLY MADE ARE

MORE ACCURATE THAN LABORATORY TESTSTEST EG ELECTRICAL

CONDUCTIVITY PH EH AND DO DUE TO INEVITABLE CHEMICAL CHANGESCHANGE

THAT TAKE PLACE FOLLOWING SAMPLING THE APPROPRIATE METHODOLOGY

FOR FIELD MEASUREMENT OF THE ABOVE PARAMETERSPARAMETER CAN VARY BETWEEN

INSTRUMENT MANUFACTURERS THEREFORE ONE SHOULD UNDERSTAND THE

OPERATING PRINCIPLE OF THE INSTRUMENT AND THE MANUFACTURERSMANUFACTURER

RECOMMENDED PROCEDURESPROCEDURE FOR CALIBRATION AND OPERATION
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JOPTION II

SAMPLE
COLLECTION

LAS

FILTER STAND

142MM
PERISTALTIC PUMP WITH PREFILTER

AND 045 PIN FILTERLC
GEOTECH

SILICON TUBING

IN PUMP HEAD1
OPTION 21 OTHERWISE

POLYETHYLENE

MONTORING TUBING

WELL

SAMPLE BOTTLE
LABORATORY PROVIDED

FIGURE 1 FIELD FILTRATION SETUP
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APPENDIX

GROUND WATER STUDIESSTUDIE EVALUATION
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GROUND WATER STUDIESSTUDIE EVALUATION

THE DUWAMISH GROUND WATER STUDY INVOLVED REVIEW OF ALL

AVAILABLE REPORTSREPORT FROM BOTH PUBLIC AND PRIVATE SOURCESSOURCE WHICH

DEALT WITH GROUND WATER II THE DUWAMISH BASIN REPORTSREPORT MEETING

THESE REQUIREMENTSREQUIREMENT WERE AVAILABLE FOR ONLY SIX SITESSITE IN THE

BASIN THE LOCATIONSLOCATION OF SEVERAL OF THESE SITESSITE ARE SHOWN ON

FIGURE 1113 AND LISTED ON TABLE 1111 IN THISTHI REPORT FOLLOWING

IS BRIEF SUMMARY OF RELEVANT FACTSFACT AND CONCLUSIONSCONCLUSION DERIVED FROM

THESE FIVE REPORTS

REPORT NO TITLED SEAFAB METAL CORPORATION 2700 16TH AVENUE

SW SEATTLE WASHINGTON 98101 DATE OCTOBER 1984 REPORT BY

PARAMETRIX INCORPORATED BELLEVUE WASHINGTON

FOUR MONITORING WELLSWELL WERE INSTALLED AROUND AN INACTIVE SURFACE

IMPOUNDMENT AT THE SEAFAB SITE ON HARBOR ISLAND TO ASSIST IN

PERFORMANCE MONITORING OF IMPOUNDMENT CLOSURE ACTIVITIES THE

LETTER REPORT DID NOT INCLUDE ANY WATER QUALITY DATA FROM THE

MONITORING WELLSWELL BUT SOME USEFUL GROUND WATER HYDROLOGY DATA WAS

INCLUDED THE IMPOUNDMENT SITE IS APPROXIMATELY 1000 FEET FROM

THE ESTUARY AND GROUND WATER TABLE FLUCTUATIONSFLUCTUATION CAUSED BY TIDAL

EFFECTSEFFECT FROM THE ESTUARY WERE FOUND TO BE MINIMAL DAILY TIDAL

FLUCTUATION OF APPROXIMATELY FEET IN THE ESTUARY RESULTED IN

TOTAL FLUCTUATION OF THE WATER TABLE AT THE SURFACE IMPOUNDMENT

OF LESSLES THAN ONE TENTH OF FOOT DURING THAT TIME PERIOD THESE

DATA ON TIDAL INFLUENCE ON GROUND WATER TABLE DEPTH ARE

CONSISTENT WITH THE RESULTSRESULT FOUND FROM MONITORING AT THE BOEING

ISAACSON SITE

REPORT NO TITLED RNTON EFFLUENT TRANSFER SYSTEM

HAZARDOUSHAZARDOU WASTE SITE SURVEY PRELIMINARY INVESTIGATIONSINVESTIGATION DATE

SEPTEMBER 1984 REPORT BY URS ENGINEERSENGINEER FOR THE MUNICIPALITY

OF METROPOLITAN SEATTLE

SOIL SAMPLESSAMPLE TAKEN IN TEST BORINGSBORING ALONG THE PROPOSED PIPELINE

ROUTE WERE LABORATORY TESTED FOR THE PRESENCE OF HAZARDOUSHAZARDOU

DONSTITUENTS IN ADDITION MONITORING WELLSWELL WERE INSTALLED

ADJACENT TO THE CLOSED WEST SEATTLE AND SOUTH PARK LANDFILLS

MONITORING WELL DM555 NEAR THE WEST SEATTLE LANDFILL SHOWED THE
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PRESENCE OF VOLATILE ORGANICSORGANIC ACID BASE NEUTRAL ORGANICSORGANIC AND

PESTICIDES TWO OTHER NEARBY WELLSWELL SHOWED SIMILAR WATER QUALITY

MONITORING WELL DM329 NEAR THE SOUTH PARK LANDFILL SHOWED THE

PRESENCE OF SELECTED PESTICIDESPESTICIDE VOLATILE AND NONVOLATILE

ORGANICS THEIR REPORT DID NOT INCLUDE ANY SITE SPECIFIC GROUND

WATER HYDROLOGY INFORMATION

REPORT NO TITLED HYDROGEOLOGIC STUDY CHEMPRO GEORGETOWN

FACILITY SEATTLE WASHINGTON DATE FEBRUARY 1983 REPORT BY LI

HARTCROWSER AND ASSOCIATESASSOCIATE FOR HARPEROWES

THISTHI STUDY INCLUDED THE INSTALLATION OF TEN MONITORING WELLSWELL

ONSITE FIELD TESTING OF THE SITE MONITORING WELLSWELL TO OBTAIN

AQUIFER PARAMETERSPARAMETER WAS CONDUCTED SITE MONITORING WELLSWELL WERE

SAMPLED AND LABORATORY TESTED TO OBTAIN WATER QUALITY DATA THE

SITE IS LOCATED APPROXIMATELY 4000 FEET EAST OF THE DUWAMISH

RIVER THE STUDY RESULTSRESULT SHOW THAT ORGANIC CHEMICAL COMPOUNDSCOMPOUND

HAVE ENTERED THE GROUND WATER FROM THE FACILITY THE RATE OF

GROUND WATER FLOW WAS ESTIMATED TO RANGE FROM 045 TO 10 FEET

PER DAY THE AVERAGE SITE WATER TABLE GRADIENT WAS MEASURED TO

BE 00037 MONITORING WELLSWELL INSTALLED AT VARYING DEPTHSDEPTH IN THE

AQUIFER SHOW NET UPWARD HYDRAULIC GRADIENT AT THE SITE THE

AVERAGE HORIZONTAL PERMEABILITY IN THE UPPER SAND AT THE SITE WAS

MEASURED AT IO2 CMSEC THE AVERAGE HORIZONTAL PERMEABILITY

IN THE LOWER SILTY FINE SAND AND SILT WAS DETERMINED TO BE 16

IO CMSEC CONTAMINATION OF GROUND WATER BY THE ORGANIC

COMPOUNDSCOMPOUND WAS MEASURED TO MAXIMUM DEPTH OF APPROXIMATELY 54

FEET BELOW GROUND SURFACE GROUND WATER FLOW IS TOWARD THE

DUWAMISH RIVER CONTAMINANTSCONTAMINANT BEING TRANSPORTED BY GROUND WATER

FROM THE FACILITY ARE ESTIMATED TO REACH THE DUWAMISH RIVER

BETWEEN 10 AND 25 YEARSYEAR AFTER LEAVING THE SITEO

REPORT NO TITLED MONITORING OF GROUND WATER SURROUNDING AN

UPLAND DISPOSAL OF PCBCONTAMINATED DREDGED MATERIALSMATERIAL DATED

JANUARY 1985 REPORT BY THE PORT OF SEATTLE PLANNING AND

RESEARCH DEPARTMENT

DREDGE SPOILSSPOIL DISPOSAL PIT WAS EXCAVATED AT TERMINAL 105 WEST

OF THE DUWAMISH THE PIT WAS DESIGNED TO HOLD APPROXIMATELY

16000 YARDSYARD OF DREDGE SPOILS LAND DISPOSAL OF THE DREDGE
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SPOILSSPOIL FROM THE DUWAMISH ESTUARY WAS REQUIRED BY THE CORPSCORP OF

ENGINEERSENGINEER BECAUSE TESTING OF THE SPOILSSPOIL HAD SHOWN THE PRESENCE OF

SELECTED ORGANIC AND INORGANIC CONTAMINANTS PRIOR TO PLACEMENT

OF THE DREDGE SPOILSSPOIL THREE MONITORING WELLSWELL WERE INSTALLED

AROUND THE PERIMETER OF THE DISPOSAL PIT THE DEPTH TO GROUND

WATER AT THE PIT LOCATION RANGED FROM TO FEET GROUND WATER

SAMPLESSAMPLE FROM THE THREE MONITORING WELLSWELL WERE SAMPLED AND TESTED

PRIOR TO AND FOLLOWING PLACEMENT OF SPOILSSPOIL IN THE PIT SALINE

INTRUSION INTO THE AQUIFER NEAR THE PIT RESULTED IN VARIABLE

SALINITY VALUESVALUE IN GROUND WATER SAMPLESSAMPLE FROM THE MONITORING

WELLS WATER QUALITY DATA FROM THE THREE MONITORING WELLSWELL SHOWED

SIGNIFICANT CONCENTRATIONSCONCENTRATION OF PHENOLSPHENOL SELECTED PESTICIDESPESTICIDE AND

THE FOLLOWING INORGANICSINORGANIC ARSENIC CADMIUM CHROME COPPER LEAD

CYANIDE AND ZINC THESE CONSTITUENTSCONSTITUENT RESULTED FROM DEWATERING

OF THE DREDGE SPOILS

ONLY THE ZINC AND COPPER CONCENTRATIONSCONCENTRATION IN GROUND WATER EXCEEDED

THE SALT WATER AQUATIC LIFE STANDARDS THE CHROME AND LEAD

CONCENTRATIONSCONCENTRATION IN GROUND WATER DECREASED SIGNIFICANTLY IN THE

DOWNGRADIENT DIRECTION AWAY FROM THE DISPOSAL PIT WHEREASWHEREA THE

OTHER INORGANIC CONSTITUENT CONCENTRATIONSCONCENTRATION LISTED ABOVE INCREASED

IN CONCENTRATION DOWNGRADIENT OF THE DISPOSAL PIT ALTHOUGH NOT

STATED IN THISTHI REPORT IT IS LIKELY THAT THE REDUCTION IN CHROME

AND LEAD CONCENTRATION WAS DUE TO PRECIPITATION OF THESE METALSMETAL

AT THE SALINE WATER INTERFACE

FIELD TESTING OF THE SITE MONITORING WELLSWELL SHOWED AN AVERAGE

HYDRAULIC CONDUCTIVITY OF 14 IO2 CMSEC WITH AN AVERAGE

RATIO OF HORIZONTAL TO VERTICAL PERMEABILITY ESTIMATED TO BE

1501 GROUND WATER FLOW AT THE SITE IS TOWARD THE DUWAMISH

ESTUARY

REGRT NO TITLED EVALUATION OF POTENTIAL SOIL AND GROUND

WATER CONTAMINATION AT THE ISAACSON CORPORATION PROPERTY

SEATTLE WASHINGTON DATE NOVEMBER 22 1983 REPORT BY PATRICK

H WICKSWICK PE REDMOND WASHINGTON AND SWEET EDWARDSEDWARD AND

ASSOCIATESASSOCIATE KELSO WASHINGTON FOR ISAACSON CORPORATION

SEATTLE WASHINGTON

DURING THISTHI STUDY EIGHT GROUND WATER MONITORING WELLSWELL WERE

INSTALLED AT THE ISAACSON SITE FIELD TESTING AND GROUND WATER
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SAMPLING OF THE WELLSWELL WAS CONDUCTED TO DETERMINE AQUIFER

PARAMETERSPARAMETER AND GROUND WATER QUALITY FOLLOWING IS SUMMARY OF

RESULTSRESULT AND CONCLUSIONSCONCLUSION ON SITE HYDROLOGY AND WATER QUALITY WHICH

ARE RELEVANT TO THE DUWAMISH STUDY

1 GROUND WATER AT THE SITE OCCURSOCCUR UNDER WATER TABLE OR

UNCONFINED CONDITIONSCONDITION AND THE WATER TABLE SURFACE IS

GENERALLY LESSLES THAN 15 FEET BELOW GROUND

2 GROUND WATER IN THE EASTERN PORTION OF THE SITE FLOWSFLOW FROM

EAST TO WEST TOWARD THE DUWAMISH RIVER IN THE WESTERN

PORTION OF THE SITE FLOW IS NORTHWEST AND IN DOWNRIVER

DIRECTION AT LOW TIDE AND SOUTHEAST AWAY FROM THE RIVER AT

HIGH TIDE

3 WATER TABLE GRADIENTSGRADIENT VARY GREATLY FROM EAST TO WEST ONSITE

BECAUSE OF TIDE INFLUENCED WATER TABLE FLUCTUATIONS

4 SEMIIMPERVIOUSSEMIIMPERVIOU SURFACESSURFACE AT THE SITE INCLUDING ROOFSROOF

ASPHALT AND CONCRETE PROBABLY RESULT IN VERY LITTLE DIRECT

RECHARGE TO GROUND WATER AT THE SITE

5 ARSENIC CONCENTRATIONSCONCENTRATION MEASURED IN GROUND WATER DURING THE

STUDY EXCEED THE EPA PRIMARY DRINKING WATER STANDARD MAXIMUM

CONTAMINANT LEVEL

6 CHROMIUM COPPER LEAD AND ZINC WERE ALSO DETECTED IN

GROUND WATER AT THE SITE BUT AT LEVELSLEVEL BELOW THE EPA

DRINKING WATER MAXIMUM CONTAMINANT LEVELS

7 WATER QUALITY DATA FROM MONITORING WELLSWELL AND 20 INDICATE

THAT LIMITED AREA OF THE WESTERN PORTION OF THE SITE

CONTAINSCONTAIN SALINE GROUND WATER OF MARINE ORIGIN

B DEFINITION OF THE LATERAL AND VERTICAL EXTENT OF CONTAMINATED

GROUND WATER ARE COMPLICATED BY TIDAL FLUCTUATIONSFLUCTUATION AND SALINE

GROUND WATER IN THE WESTERN PORTION OF THE SITE

9 THERE WERE NOT SUFFICIENT DATA AVAILABLE FOR THE STUDY TO

PREDICT THE FATE OF HEAVY METAL CONTAMINANTSCONTAMINANT IN SITE GROUND

WATER NATURAL ONSITE ATTENUATIVE MECHANISM MAY EXIST AT

THE INTERFACE BETWEEN THE HEAVY METAL CONTAMINATED GROUND

WATER AND THE SALINE GROUND WATER
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10 THE WATER TABLE GRADIENTSGRADIENT ON THE WESTERN PORTION OF THE SITE

WHICH ARE INFLUENCED BY TIDAL FLUCTUATIONSFLUCTUATION IN THE DUWAMISH

RIVER RANGED FROM APPROXIMATELY 001 TO 004 FEET PER FOOT

MORE THAN FOUR TIMESTIME HIGHER THAN THOSE FOUND ON THE EASTERN

PORTION OF THE SITE

SUBSEQUENT TO THISTHI STUDY SIX MONITORING WELLSWELL ON THE ISAACSON

SITE WERE FIELD TESTED TO DETERMINE AQUIFER PERMEABILITY THE

AVERAGE PERMEABILITY DERIVED FROM THESE TESTSTEST WAS APPROXIMATELY

35 10I CMSEC DEPENDING UPON THE INFLUENCE OF TIDAL

FLUCTUATIONSFLUCTUATION ON THE WATER TABLE GRADIENT GROUND WATER FLOW RATE

OF 36 FEET PER DAY WAS DETERMINED FOR THE SITE SHALLOW AQUIFER

REPORT NO TITLED SUMMARY REPORT GROUND WATER SAMPLING AND

MONITORING INTERIM STATUSSTATU DANGEROUSDANGEROU WASTE PILE FACILITY SEATTLE

STEEL CORPORATION SEATTLE WASHINGTON DATED OCTOBER 1984

REPORT BY APPLIED GEOTECHNOLOGY INC BELLEVUE WASHINGTON FOR

BETHLEHEM STEEL CORPORATION SEATTLE WASHINGTON

THISTHI STUDY FOCUSED ON WATER QUALITY MONITORING AND GROUND WATER

INVESTIGATIONSINVESTIGATION AT BETHLEHEMSBETHLEHEM 14 ACRE WASTE PILE FACILITY

APPROXIMATELY 2600 FEET WEST OF THE RIVER PRIOR TO 1982

ELECTRIC ARC FURNACE FLAME TRAP SLUDGESSLUDGE WERE DISPOSED OF AT THE

FACILITY FOUR MONITORING WELLSWELL WERE INSTALLED IN 1981

UPGRADIENT AND DOWNGRADIENT OF THE FACILITY THE MONITORING

WELLSWELL WERE SCREENED IN THE UPPERMOST AQUIFER IN 1984 NINE TEST

PITSPIT WERE DUG FIVE OF WHICH WERE CONVERTED TO PIEZOMETERS IN

ADDITION CONTINUOUSCONTINUOU WATER LEVEL RECORDERSRECORDER WERE MAINTAINED IN THE

FOUR MONITORING WELLSWELL AND STORM DRAINAGE DITCH EAST OF THE

SITE

LOCALIZED PERCHED GROUND WATER SYSTEM WAS IDENTIFIED ABOVE

CLAY FILL DEPOSIT AND CONFINED GROUND WATER SYSTEM WAS

IDENTIFIED BELOW THE CLAY FILL GROUND WATER FLOW IS WEST TO

EAST WITH THE POSSIBILITY OF DISCHARGE TO THE STORM DRAINAGE

DITCH SLIGHT TIDAL INFLUENCE WAS OBSERVED IN THE MONITORING

WELLSWELL MAXIMUM 12 FOOT IN THE MONITORING WELL CLOSEST TO THE

RIVER DURING 13 FOOT TIDE FLUCTUATION

CADMIUM AND LEAD WERE THE GROUND WATER QUALITY PARAMETERSPARAMETER OF

CONCERN IN THISTHI STUDY THE MONITORING WELLSWELL YIELDED CADMIUM

CONCENTRATIONSCONCENTRATION OF 002005 MGL FROM UNFILTERED SAMPLESSAMPLE IN 1982
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AND 001 MGL OR LESSLES FROM FILTERED SAMPLESSAMPLE IN 1984

CONCENTRATIONSCONCENTRATION OF 05 MGL OR LESSLES WERE OBTAINED FROM TEST PIT

FILTERED SAMPLES

THE MONITORING WELLSWELL YIELDED LEAD CONCENTRATIONSCONCENTRATION OF 02 MGIL OR

LESSLES FROM UNFILTERED SAMPLESSAMPLE IN 1982 AND LESSLES THAN 05 MGL FROM

THE 1984 FILTERED SAMPLES CONCENTRATIONSCONCENTRATION OF LEAD IN FILTERED

TEST PIT SAMPLESSAMPLE RANGED FROM 2679 MGIL

CONCENTRATIONSCONCENTRATION OF BOTH LEAD AND CADMIUM ARE HIGHER IN THE PERCHED

AQUIFER ACCESSED BY TEST PIT THAN IN THE CONFINED AQUIFER

ACCESSED BY MONITORING WELL INDICATING ATTENUATION OF THE

CONTAMINANTSCONTAMINANT BY THE CLAY FILL
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